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Volume 1 EXECUTIVE SUMMARY

The Executive Summary provides an overview of major elements of the Study. It summarizes the
Study analytic efforts, the documentation developed, and reviews the recommendations resulting from
the analyses conducted during Phase 2 of the Study.

Volume 2 PHASE 2 FINAL ORAL PRESENTATION
The Final Presentation Material volume contains the charts used in the Final Oral Presentations for

Phase 2, at KSC on April 6, 1988. A brief, overall review of the Study accomplishments is provided.
An indepth review of the documentation developed during the last quarter of Phase 2 of the Study is

presented. How that information was used in this Study is explained in greater detail in Vols. 3 and 4.
An initial look at the topics planned for the upcoming Workshops for Government/Industry is presented
along with a cursory look at the results expected from those Workshops.

Volume 3 SPACE-VEHICLE OPERATIONAL COST DRIVERS HANDBOOK (SOCH)
The Space-vehicle Operational Cost drivers Handbook (SOCH) was assembled early in Phase 2 of the

Study as one of the fundamental tools to be used during the j'est of the Phase. The document is made up.__
of two parts -- packaged separately because of their size.

Part 1

Part 2

Presents, In checklist format, the lessons learned from STS and other programs.
The checklist items were compiled so that the information would be easily usable

for a number of different analytical objectives, and then grouped by disciplines or
gross organizational, and/or functional responsibilities. Content of the checklists

range from 27 management; 11 system engineering; 8 technology; and 19 design
topics -- with a total of 793 individual checklist items. Use of this Handbook to

identify and reduce Cost Drivers is recommended for designers, Project and

Program managers, HQ Staff, and Congressional Staffs.

Contains a compilation of related reference information about a wide variety of

subjects including ULCE, Deming, Design/Build Team concepts as well as current and
previous space launch vehicle programs. Information has been accumulated from
programs that range from, Saturn/Apollo, Delta, Titan, and STS to NASP and
Energla.

Volume 4 SIMPLIFIED LAUNCH SYSTEM OPERATIONAL CRITERIA (SLSOC)
The SLSOC document was developed from the generic Circa 2000 System document, Vol. 6; is similar in
content; and also indicates the manpower effect of the elimination of many STS-type cost drivers. The

primary difference between the two documents Is the elimination of all generic Circa 2000
requirements (and support) for manned-flight considerations for the ALS vehicle. The data content of
the two documents, while similar in nature, was reorganized and renumbered for SLSOC so that it could

be used as the basis for vadous panels and subpanels in an ALS Workshop.
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PHASE2 STUDY REPORT (Cont'd)

Historicaldata is the basisfor the conclusionthat incrementalimprovementsof technologyand

methods cannot significantly Improve LCC (by an order-of-magnitude) without major surgery. A

system enabling the development of a radically simplified operational concept, reflected in SLSOC, was
included so that proposed designs (and operations) could be compared to systems providing for

simplicity -- rather than the current STS complexity.

The identified operational cost drivers from STS plus other historical data were used as background
reference information in the development of each example concept designed to eliminate cost drivers.

These example concepts, when integrated, would support an order-of-magnitude cost reduction in

current (STS), exorbitant Life Cycle Costs (LCC). Individual operational requisites were developed for
each element in the associated management systems, integration engineering, vehicle systems, and_

supporting facilities. These have associated rationale, sample concepts, identification of technology
developments needed, and technology references to abstracts. The technology abstracts are provided in

a separate volume, Vol. 5.

Technology changes almost daily, thus past trade studies may no longer be valid. In addition, old
"trades" often used inaccurate (Lstimates of "real" operational costs. Vehicle designs are compromises

and have been performance oriented with operations methods/techniques based on those designs. It is
the intent of our example concepts in the SLSOC to stimulate design teams to improve or replace

conventional design approaches. Obviously, it is up to the resoonsible oro_(]ram desiqn teams to provide

design solutions to resolve operational cost drivers.

TECHNOLOGY REFERENCES
This document provides a repository for the Technology References for the SLSOC and the CIRCA 2000

System documents. The technology references, mostly from NASA RECON, are supplied to the reader
to facilitate analysis on either the SLSOC or the CIRCA 2000 System documents. Some data references
were also obtained via DIALOG. If more technical information is desired by an analyst, he must obtain

the additional documentaiton thru his library or from some other appropriate source. The XTKB

(EXpanded Technology Knowledge Base) provided a user-friendly tool for our analyses in identifying

and obtaining the computerized database reference information contained in this document. Thousands of
abstracts were screened to obtain the 300 plus citations pertinent to SLSOC in this Volume.

CIRCA 2000 SYSTEM OPERATIONAL REQUIREMENTS .....
The Circa 2000 System Operations Requirements were developed using STS as a working data source.
We identified generic operations cost drivers resulting from performance-oriented vehicle design

compromises and the operations methodsltechniques based on those designs. Those Cost Drivers
include high-cost, hazardous, time & manpower-consuming problem areas involving vehicles, facilities,
test & checkout, and management / system engineering. Operational requisites containing rationale,

example concepts, identification of technology developments needed, and identification of technology
references using available abstracts were developed for each Cost Driver identified. Elimination of cost

drivers significantly reduces recurring costs for prelaunch processing and launch operations of space
vehicles.

NO_: Volumes 1,3,4 and 5 are being widely distributed. Volume 2 is a copy of presentation material

already distributed and Volume 6 will be distributed only on request. Copies of the full report
will be placed in libraries at NASA HQ., JSC, KSC, MSFC and NASA RECON. Individual volume

copies may be obtained by forwarding a request to W. J. Dickinson, KSC PT-FPO, (407)
867-2780.
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ACRONYMS and ABBREVIATIONS

$B
$M
AFD
AFSATCOM
AFSCF
AFSCN

Dollars-billions
Dollars-millions
Aft Flight Deck
Air Force Satellite Communications
Air Force Satellite Control Facility
Air Force Satellite Control Network

AFSCF/STC Air Force Satellite Control Facillty/Space Test Ctr.
AGCS
AS
AI
A1
AI-Li
AOA
APU
ASE
ASSY
ATC
ATE
AIT,B
ATO
ATPG
A50

Automatic Ground Control System

Ampere-Hour
Artificial Intelligence
Aluminum
Aluminum-Lithium
Abort Once Around

Auxiliary Power Unit
Airborne Support Equipment
Assembly
Alr Traffic Control

Automatic Test Equipment
Automation Technology Knowledge Base
Abort to Orbit
Automatic Test Program Generation
Aerozlne 50 (50X Hydrazine and 50X UDMH)

BIT
BITE

BSTR

Built-In-Test

Built-In-Test-Equipment
Booster

C
C2K

C3H 8

CAD

CAE
CAI
CALS

CAM
CDDT

CDF
CECO

CELV
CG

CH 4

CIM

CITE
CIU
CM

C/O
COMM

Celsius; Carbon
Circa 2000

Propane

Computer Aided Design
Computer Aided Engineering

Computer Aided Instruction
Computer Aided Logistics System

Computer Aided Manufacturing
Countdown Demonstration Test

Confined Detonating Fuse

Center Engine Cutoff
Complimentary Expendable Launch Vehicle (now Titan IV)

Center of Gravity
Methane

Computer Integrated Manufacturing
Cargo Integration Test Equipment

Computer Interface Unit
Command Module
Checkout

Communications
COHM SAT Communication satellite

CPU
CPV

CR

Cryo
CSOC

CT
CTS

CV
CVD

Central Processing Unit
Combined Pressure Vessel
Control Room

Cryogenic
Consolidated Space Opertions Center
Crawler Transporter
Common Tank Set

Cargo Vehicle
Chemical Vapor Deposition

EkGE, _)\ INTENTIONALLYB'_I_

vii



ACRONYMS and ABBREVIATIONS

(Continued)

DA
D/A
DAS
DB
DBMS
DBS
DBT
dc
DCA
DlYr&E
DFT

DOD, DoD
DOMSAT
DPS
DR
DSCS
DSN
DTC

Data Acquisition
Digital/Analog

Data Acquisition System
Data Base

Data Base Management System
Direct Broadcast Satellite

Design Build Team
Direct Current

Defense Communications Agency

Design, Development, Test and Evaluation

Design For Testability DMS Data Management System
Department of Defense
Domestic Communication Satellite

Data Processing System
Discrepancy Report
Defense Satellite Communication System

Deep Space Network DSP Defense Support Program

Design to Cost

ECLSS
ECS
EECOM

EIU
ELS
ELV

EMC
EMU
EPD&C

EPS
ES

ESS
E/T

ETR
EVA

Environmental Control & Life Support System

Environmental Control System
Electrical, Environmental, Communications

Engine Interface Unit
Eastern Launch Site

Expendable Launch Vehicle
Electro Magnetic Compatibility
Extravehicular Mobilility Unit; Extended Memory Unit
Electrical Power Distribution and Control

Electrical Power Subsystem

Expert System

Energy Storage System
External Tank

Eastern Test Range
Extravehicular Activity

FAA

FCE
PCM
FDO

FMS
FRCS

FSS
IWC

FY

Federal Aviation Administration

Flight Crew Equipment
Fuel Cell Module

Flight Dynamics Officer
Flight Management System
Forward Reaction Control System

Flight Systems Simulator
Filament Wound Case
Fiscal Year

GB
GD
GEO
GFS

GH2, GH 2
GLOW

Ground Based

General Dynamics
Geosynchronous Orbit
Government Furnished Support
Gaseous Hydrogen

Gross Liftoff Neight

GN&C,G&C Guidance Navigation and Control
GN
GO 2

GO2,GO 2
GPM

GPS
GSE

GSFC

Gaseous Nitrogen

Ground Operations
Gaseous Oxygen
Gallons Per Minute

Global Positioning Satellite
Ground Support Equipment

Goddard Space Flight Center
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GSTDN,STDN Ground Station Tracking and Data Network
HC
He
HEO
HIF
HLLV
HPFTP
HTO
H/W

H2

Hydrocarbon
Helium

High Earth Orbit
Horizontal Integration Facility
Heavy Lift Launch Vehicle
High Pressure Fuel Turbo Pump
Horizontal Take Off
Hardware

Hydrogen

HYD Hydraullc(s)

IC

IDSS
I/F

IMIS
IFA

ILS
IMU

INCO
INEL

INS, INST
INT
IOC

I/0
IPR
IPV

IR

IR&D
IRR

Isp
IU
IUS

Integrated Circuit

Integrated Design Support System
Interface

Integrated Maintenance Information System

In-fllght Anomaly
Integrated Logistics System
Inertial Measurement Unit
Instrumentation and Communications Officer

Idaho National Engineering Laboratory
Instrumentation

Integration
Initial Operational Capability

Input/0utput
Interim Problem Report
Individual Pressure Vessel

Infrared

Independent Research and Development
Internal Rate of Return

Specific Impulse
Interface Unit

Inertial Upper Stage

JSC Johnson Space Center

K
KEY
KSC
KW

Thousand

Kinetic Energy Weapon
Kennedy Space Center
Kilowatt

LAN
LBS
LCA

LCC
LCCV

LCE
LCEP

LC-Titan
LDC
LEM

LES
LEO
LH

LE2, LH2

LI-SOCI 2
Li

LN

LO_, LO2

Local Area Network

pounds
Launch Control Amplifier

Life Cycle Cost
Low Cost Cargo Vehicle (MMC)
Low Cost Expendable

Low Cost Expendable Propulsion
Large Core Titan

Large Diameter Core
Lunar Excursion Module

Launch Escape System
Low Earth Orbit
Left Hand

Liquid Hydrogen
Lithium Sulphur Oxygen Chlorine
Lithium

Liquid Nitrogen
Liquid Oxygen
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LPS
LRBs
LRE
LRU
LSC
LV
L&L

Launch Processing System
Liquid Rocket Boosters
Liquid Rocket Engine
Line Replaceable Unit
Linear Shaped Charge
Launch Vehicle
Launch and Landing

M
HC
MCC
MCR
MCS
MCT
MDAC
MDM
ME
MELV
MEO
MFRCV
MFRGB

MFRSB
MILSTAR
MLP
MMC

MMMA

MMU
MPM
MPRCV

MPS
MPSR

MPST
MSBLS
MSFC

MS/NAS
MTBF

MTTR

Million
Mission Control
Main Combustion Chamber
Modification Change Request
Mission Control System
Mission Control Teams

McDonnell Douglas Astronautics Company
Multiplex/Ve-multlplex
Main Engine; Maintenance Expert
Medium Expendable Launch Vehicle
Medium Earth Orbit
Manned Fully Reusable Cargo Vehicle(s) (STS II)
Manned Fully Reusable Ground Based-OTV
Manned Fully Reusable Space Based-OTV
Military Transmission and Relay Satellite
Mobile Launcher Platform
Martin Marietta Company
Martin Marietta Michoud Aerospace
Manned Maneuvering Unit
Manipulator Positioning Mechanism
Manned Partially Reusable Cargo Vehlcle
Main Propulslon System
Multipurpose Support Room
Multipurpose Support Team
Microwave Scanning Beam Landing System
Marshall Space Flight Center
Machine Screw/Natlonal Aircraft Standard
Mean-Time Between Failure
Mean-Time to Repair

NaS Sodium Sulphur
NAS National Airspace System
NA-S National Aircraft Standard
NASA National Aeronautics and Space Administration
NASA/RECON Remote Console (NASA information retrieval system)
NCCS
NCS
NDE
NDT
Ni-Cd
NiCad
NIH

Ni-H 2

NiTi
Nitinol
NLG
NORAD
NSI

N2H 4

N204

Network Communication and Control Stations
Network Control Stations
Non-Destructive Evaluation
Non-Destructive Test
Nickel-Cadmium
Nickel Cadmium
Not Invented Here

Nickel-Hydrogen

Nickel-Titanlum
Nickel-Titanium-Naval Ordnance Laboratory

Nose Landing Gear
North American Air Defense
NASA Standard Initiator

Hydrazlne Monopropellant

Nitrogen Tetroxide
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OMP
OHRSD
OMS
0_/
OPC
OPF
OPS
ORB
0RU
OTV
OV

P/A

PAM
PAREC

PC
PCBS

PCP
PCR

PDI
PDR
PFLB

P/FRCV
PGHM

PGOC
PIC

PIDB

PL, P/L
PLB

PLF
POCC

POI
PR

PRCBD
PRSD
PSA
PSI

PSP
PV

PV&D

QA
QC
QD

RADC

RAMCAD
RCC
RCS

R&D
RECON

RF
RFCS
RFP
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Orbiter Access Arm

Outboard Engine Cutoff
Operations and Maintenance

Operations and Maintenance Instruction
Operatlonsand Maintenance Plan
Operational Maintenance Requirements and Specifications Document

Orbital Maneuvering System
0rbital Maneuvering Vehicle

Operations Planning Center
Orbiter Processing Facility

Operations
Orbiter

Orbiter Replacement Unit; Orbital-Repaired Unit
Oribital Transfer Vehicle
Orbiter Vehicle

Propulslon/Avionics Module
Payload Assist Module! Payload Applications Module

P/A Recovery Area
Printed Circuit
Printed Circuit Boards

Power Control Panel

Payload Changeout Room

Payload Data Interleaver
Preliminary Design Review
Pressure Fed Liquid Booster

PartiallylFully Reusable Cargo Vehicle

Payload Ground Handling Mechanism
Payload Ground Operations Contractor (MDAC)
Pyro Initiator Controller

Preliminary Issues Database
Payload

Payload Bay
Payload Fairing or Payload Facility
Payload Operations Control Center
Product of Inertia

Problem Report
Program Review Control Board Directive
Power Reactant Storage and Distribution
Payload Support Avionics

Pounds Per Square Inch
Processing Support Plan
Present Value

Purge, Vent and Drain

Quality Assurance
Quality Control
Quick Disconnect

Rome Air Development Center

Reliability and Maintainability through Computer Aided Design
Reinforced Carbon Carbon

Reaction Control System
Research and Development

Remote Console (NASA information retrieval system)
Radio Frequency
Regenerative Fuel Cell System
Request for Proposal
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RH
RIC
RJDA
RMS
R&PM
RPSF
RP-I
R/R, R&R
RSI
RTOHI
RTS
RTV
R&T
RU

Right Hand
Rockwell International Corporation
Reaction Jet Drawer

Remote Manipulator System

Research and Program Management
Remote Processing and Storage Facility(s)
Rocket propellant-JP-X based

Repalr/Replace
Reusable Surface Insulation

Repetitive Task Operations and Maintenance Instruction
Remote Tracking System

Room Temperature Vulcanizing
Research and Technology
Remote Unit

S
SAFT

SAT
S&A

SB

SBS
SBSS
S/C

SCAPE
SDI
SDIO
SDV

SiC
SIP

SIT

SLSOC
SM
SMA

SMCH
SHE

SOA
SOC
SOPC

SOV
SPACECOM

SPADOC
SPC

SPIDPO
SPDMS
SPI

Sulphur

Semi-Automatlc Flight Line Tester
Satellite
Safe and Arm

Space Based

Space Based System
Space Based Space Surveillance (System)

Spacecraft
Self-Contained Atmospheric Protective Ensemble
Space Defense Initiative

Space Defense Initiative Office/0rganlzation
Shuttle Derived Vehicle

Silicon Carbine

Standard Interface Panel! Strain Isolation Pad

System Integrated Test

Simplified Launch System Operational Criteria
Support Module

Shape-Memory Alloy.
Standard Mission Cable Harness

Shape Memory Effect
State-of-Art

Satellite Operations Center

Shuttle Operations Planning Center
Statement of Work

Space Command
Space Defense Operations Center

Shuttle Processing Contractor (Lockheed)
Shuttle Payload Integration and Development Program Office (JSC)
Shuttle Processing Data Management System
Standard Practice Instructions

SRB, SRBs Solid Rocket Booster(s)
SRM, SRMs Solid Rocket Motor(s)
SRSS
SS

SSME
SSMEC

SSSF
SSTO

ST

STA, STAS
STC

STE
STS

Shuttle Range Safety System
Space Station

Space Shuttle Main Englne(s)
Space Shuttle Haln Engine Controller

SRB Segment Storage Facility
Single Stage to Orbit

Space Telescope
Space Transportation Architecture (Study)
Satellite Test Center

Systems Test and Evaluation or Special Test Equipment

Space Transportation System;
Shuttle Transportation System
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s\w,(sw)
T-III

TACAN
TARS
TAV

TBD

T&C/O
TDAS
TDRS

TDRSS
TE

Tempest
TIS
TM
TP
T-O
TOs
TPS
TRAj
TS
T/S
TSM
T&CN
TTL

TVC

UART

UDMH
UDS

UEXCV
UFRCV

UFRGB
UFRSB

UHF
ULCE
ULV

UPRCV

UPRCV(R)
UPX_

UHB

VAE
VAFB
VC1

VClA
VC2

VHF
VHMS

VHSIC
VIB
VIF

VLSI
VPF
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Space Transportation System II
Space Vehicle
Software
Titan III

Tactical Navigation
Turnaround and Reconftguration Simulation
Transatmospheric Vehicle
To be Determined/Defined
Test and Checkout

Tracking and Data Acquisition Satellite
Tracking and Data Relay Satellite
Tracking and Data Relay Satellite System
Test Equipment
Electromagnetic emission suppression for security purposes
Technology Identification Sheet
Telemetry
Test Point; Test Plan
Liftoff Time

Transfer Orbit Stage
Thermal Protection System; Test Preparation Test

Trajectory
Transportation System
Test Setup
Tail Service Mast
Telemetry & Communication Network
Transistor/Transistor Logic
Thrust Vector Control

Universal Asynchonous Transistor
Unsymmetrlcal Dlmethylhydrazlne
Universal Documentation System
Unmanned Expendable Cargo Vehicle
Unmanned Fully Reusable Cargo Vehicle
Unmanned Fully Reusable Ground Based-OTV
Unmanned Fully Reusable Space Based-OTV
Ultra High Frequency
Unified Life Cycle Engineering
Unmanned Launch Vehicle

Unmanned Partlally Reusable Cargo Vehlcle(s)
Unmanned Partially Reusable Cargo Vehicle with Return

Unmanned Partially Expendable Cargo Vehicle
Umbilical

Vehicle Assembly Building

Vandenberg Air Force Base
Visual Clean 1 (standard)
Visual Clean 1A (sensitive)

Visual Clean 2 (highly sensitive)

Very High Frequency
Vehicle Health Monitoring System
Very High Speed Integrated Circuit

Vertical Integration Building
Vertical Integration Facility
Very Large Scale Integration

Vertical Processing Facility
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WAD
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WEM
WCCS
WSMC
WCS
WSB
VTR
XTKB
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Western Space and Hissile Center
Waste Conditioning System
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Western Test Range

Expanded Technology Knowledge Base
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SPACE OPERATIONAL COST-DRIVERS HANDBOOK (SOCH)

1.0 INTRODUCTION

This Handbook is intended to be a useful tool for all Space Program Management r
STstem Engineers, and Designers. It is a checklist aid in reducing Life Cycle

Costs (LCC). SOCH has resulted from a one-year study of Shuttle Program
operational problems. This volume presents, in a checklist format, the lessons
learned as derived from documentation of problems from Shuttle and other

programs.

Extrapolation using actuals from FY-85 Space Shuttle Program (8 launches),

shows total Operations Cost will exceed 73% of the Life Cycle Cost while Design
and Manufacturing were less than 27Z (based on '855). This is an exorbitant
cost for Operations which drives the LCC for one 100-fllght Orbiter to $33.9

billion In 1985 dollars. Our best experience to date was FY-85 where Costllb
in LEO exceeded $5000. Obviously, in future worldwide price competition, the

"business as usual" approach will be suicidal for our Space programs.

What is the solution? DRIVE LCC DOWN DRASTICALLYI (Order of Magnitude)

How? Put more effort (dollars) up-front in the early design phases to provide

for operations efficlencies. These dollars will be recovered many times
over.

How? Convince management, congress, and the administration that they may

expect exorbitant llfe cycle costs if funding provisions are not made
up-front for operational efflclencles -- both vehicle and facilities.

Then: Use thls manual as a starting point and handy checklist for things that
must be considered to lower operational costs. If you find only one new

item applicable to your work -- it'll be well worth the effort expended

in perusing this handbook.

GOOD LUCK!

USE OF THIS HANDBOOK IS RECOMMENDED --

FOR

DESIGN CONCEPTS -->

INITIAL DESIGN -->
DESIGN REVIEWS -->
MANAGEMENT REVIEWS -->

LIFE CYCLE COST REVIEWS -->

BY

DESIGNERS
DESIGNERS

PROJECT MANAGERS
PROGRAM MANAGERS

HQ STAFF
CONGRESSIONAL STAFF

NOTE: The "Circa 2000 Operations Requirements for an Orbital Access System"
eliminates the necessity for many of the cost-drlver workaround
solutions described in this SOCH. The Circa 2000 concept is a separate

product of this study which incorporates the deletion of STS cost
drivers into an integrated concept. Documentation of this concept is

available upon request; contact Study Manager, Art Scholz, (407)
867-2334.
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2.0 P R 0 B L E M A V 0 I D A N C E F O R
PROGRAM MANAGEMENT

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11

Top Management Rules Checklist

Leadership
Management

Organization
Independent Centers

Llfe Cycle Costs
Cost Data
Revitalization

Vehicle/GSE Modifications

Training / Certification / Discipline
Quality Assurance

2.12 Robustness vs Overdeslgn
2.13 Database Interchange Structure
2.14 Launch & Mission Control Centers

2.15 Key Personnel Shortages
2.16 Design Priorities
2.17 Cannibalization

2.18 Commonality
2.19 Procurement

2.20 Funding Peaks

2.21 Manifest Changes

NOTE: Thls Section provides a short checklist of the top level management
lessons learned from the Shuttle program. It also includes short

discussions of the problems, solutions, and examples from the topics
listed above. It should be a valuable tool for asking the "right"
questions.
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2.1 T O P M A N A G E M E N T R U L E S
CHECKLIST

PROGRAM:

MANAGER:
ORGANIZATION/DESIGN BUILD TEAM:

o

e

4.

e

In seZ_g _cgra_, _d_ uf_ q_ Q_t, not
s_ oosts(mrti_r_, in _ _m tl_
l_mm_:i_m_ md _).

topde_ _-ity ,mr _ uf_ q_ c_t.

Integrate le_,l_ge of all o_mimtic_ into the
or_t_ _hie._ _t_ throb _ u_ d _
teg_.

A Mrd_to-dmth oost-effs:ti_ pmgrmn cm_rely he
acca.pltah_ with totally integrat_l dam system

(mm, d u_ q_.m _ or uum.

S_tim & em.maUt 7 are_ eff_ti_ _m
i_t_i fnm the t_ dora.

o

7. _si_t__-- c_'ts_g_thec_t_

I--I
I I
I I
I I
I--I
I I
I--I
I I
I I
I I
i--I

I
I
I

--I
!
I

I--I
I I

, _wlmli_ our total_ toSpaceSystes
_t by.Inemrmtal __ _;
s_fi_ syst_ smes_ a-_ emmaw.laltype_.

o N_ _i]/ti_ are _ ,x_ e_t eff_ti_ (_
an _ratio_1 _ cyr.le _st star, mint) dsn
,xxliticatio. of ol_xlete _.i]/ti_ from otherpmgm_.

10. Mlald-_mr lx_ctr_mt lowe_ _ signif:[ea_t]¥.

11._e pmSx_m obj_tiv_ ahxfld chtemim the o_tmtim
-- not viee-,_a.

12. 1_ e_.mt mmge_ .ust be Irberil_ a_oun_h_ to
the _ lXt_ .mSg_ mth_ than Center mmg_

13. Rdmstress is an o_aduml designr_[uirmmt.

14. la_ of discip11ne rest I_ ov_x_e by a I_,flrg-t_im
total qu_iW gmgr_

15.Vehiclel_dificatlans at t_e ]aurnh site mustbe under
ti_ _ and tiscsl omtml of lanch 0_rations.

16._ adequateol_at/onal s_-es and
_l_]hatton a nmm.

17.For _st-eff_ti_ marred opmmtions,the'_l_m,-In-
m

Ommmd" cmoept must be gi,_n.

I
I

I
I
I

I

I
I

II
I I

I I

I I
I I

I I
I I

I I
I m

I I
I [

PACE_ INTENTION'AI-LY_[ANK
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_1 TOP MANAGEMENT RULES
CHRCKLIST ((1_.)

Ol_ti_ can be _st by _tomt_lg laboc-lnt_sl,m

qarada_s.

19.l_tnlmlzethennt_ of Ixanisazl revi_s, gu'tioalarly
farma-ccltlcal&cua_ts ancl_. _Iga axe

_ty to line ma,_mt.

20. _ the _csttm of mml_ _v_ramt mt
mntm:tor orgmimticm.

m. _g_ze_me_ ofee_pm _,__ mrt_cu_r_y eme wi_

22. mf_me _tim of _cste or _ gsper-
from, rock aJdxrlzation documents, etc.

23.)_ure _t of opemticr_ terns,oaqnmhle
to_ tmus, to _ streml_,

24._sm'e a ¢m_lelm_ of l_h_and MIL Stmxlau_,

tho_ prorated thro_ the mi_ vith m fr_el
amegmmt tmtntrg.

26. Ymtstm _c _ _ gmls rnr
c_mimt_nsma _ _ties.

27. l_cx_tze potential udssicn _ as a na_y and
_ p_ns _ _ chne_oav_ pmic a_d
mectntatnamoral of d_e lXCgU_s destiny.

I

I J
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L2 LEADERSHIP

* Lack of stmrg_pat the_ytc_of the Space
_ the a_ity of the U.S. to

Intemtlorsl]_p.

Solutlm

A s_ lesdertorests:andcm-ml N_S_'smexR_m to

n_ai_i_3_ _nar___t e_ g_ra_,
benefits,mdmmcx_sto_andthe Pn_tdmt.
_Ls _ s_uld _ static, _p, md
integrityf_ _ program_hlch_Icms and

admire and fxR]ov. To quote the c_smt
M_trdstmtor, _, "out quite fxaddy, I think th_
nmfl a _xrgm:, a more ambitious, a m_ _g_tie

_t Notes

2.3 MANACEMENT

Prob]_

Old style_tlc _t has _ tDbe ]ab_
Intmsi_ _ Iref_clent.

Solution

Q_pute_l da_ c_ _te need f_r _ middle
•ho n_ only 8ath_ _1 IX_6de _tion f_

top mmeg_mmt _. _Etsvill_t_p
• ho _ how to ef_cti_ly use emput_ t_fls to obtain
chta that is unf:llta-_l and _ by middle mmggmnt
got_tirg e_r t_¢. _ _u_zing
_ rest !_ a_k_l, _.

g_r_mmt _tu_ must ehar_ to a m_ pm_eipati_
mmg_nt st_le ( a la D_hR--sm Appendix 6.2) vithout
_stefi_ demr_nta_ _, _-pmp_att_g rice
h_l_ _ml_-_tirgem_. _ismst t_l_ plato
bo_h in I_ ar_ 0mtmct_ m'_.

(hntmct_s _ mClzemnt, them isan unusual.

not w _ these _cir_ _ with th_
pmt_ _ nothtrg _.J1 t_ _ed. _tio.

n_ _ d-a_ _ t_l on th_Ix _L_ to _k_
_imCt_ use of the late_t _t _ _d
_t_ am not _ _th a _ v_o_t.

11_ individual pmgra, objecti_s ahould detemtm the
_tion _t -- not v_e_a.
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2.3 MANAGEMENT (CONT.)

In mamrlrg o_: thepastt_m1_-fi_e_an_, ae'cspace
mmg_mmt, both in and out of _t, ha_
to _tlc opemtims_heebyocrsldemtlmof
_t cr telmicalpmh1_ _ h_ _ it
affect tim "status q_'. If tim effect is re_ti_ in
any _, tfma_rs_ze_m_h-gttdiffioJlt f_r
tap mnSmmt tom_costeff_ti_ d_Jsians. Top
mm_ge,mt also _ fnnbiased&cisia_ made to
acxxmmdatethetr "status q.o".

N_e__t_n, _n mspam to t_ Prefldmtial
(tmnissi_ report mtlm_acctdmt, did not
_c.,_tsh the _'d._s. _th f_ emepticm,
c_mimticn tx_s and _ wm ms'_fl_ to _
the "statm q_.

_t Notes

2.4 ORCANIZATION

Prcblm

a remlt of c_,_u_,_ _ticn
n_znsibi_tles, pest _hie.le des_tgnshaw not fnUy

ar_ integrated t_ knowled_ _d eW_ler_ of
=_--4_1_s in Rncticml oq_ticns.

Solutlcn

ges6e.mt must adopt _ tern emc_ts. _ds
vln _m_te _of_ m_
cmnilnatlm finn op_aticml elenmts to

srd test gnxlz durlrg the def:_itlm md
de__kV_t st_e.

Indivickel IXxEmm mquimmnts sh_]d detemire its
c_mimtiuml stnrtm-e -- mt vl_

_s_r c._et_ hi_ _n (_immt _ut fz_m
,_6_etudrg, _, op_at/em, etc.) a-d "tfizcxe
it c_: t_ fm_ f_r dm otis: c_r_ticm to do t_

a emt-eff_ti_e wg l"esled mlif_ _ c_ts m
c_d_-_-m_t_ ktgher_ _.

2.5 INDEPENDENT CENTERS

0pemticn of mS_ orates _t of Pmgrm
diz_tien. Elmmt _ am mc_ amount_a_ to

Crater mm_Emmt thin to tie _ mregemmt.

Crater iso_tim -- Omters do not freely cr
s_temtieally cumuflmte prctfle_ to !_ cr oti_r

Omters. 8



2.5 INDEPENDENT CENTERS _ON_)

SoluU_n

__pt_gr'am._i_itat_ _tm]li_

_uld_p_d__ _Pr_mm_r's
m_W.

Fro. tt_ Pmd_tial Om._gim R_rt m _ --
"_e Shuttle _ .me_,mt stnntt_ _ be
_,_K1. 1h8 lloJect .ws6_rs f_r the various _ts
of the S_tt]slm_m.f_ltmmaoaxm_]e to
Omter .n'eg_.mt than to the Shuttle ixcgn_
ozsmtzatim, fl_att/e elmmt fu_Ing, w:Kk
deSniticn md vit_ pm_m inexmt_cn fze_mt2y
bypam the Naticml SrS (Shuttle) Prflgmm gemger. A
mtg/,iticn of am Pmg_ mm_'s mspmsibility is
emmflal. _is zeleflnitimshxtldgi_ tim Pmgxm

the _ev_ite _,thm-ity f_r an aWarE SIS
q_raticm. Pmgmmfmitrg ard an mutt.le pmgr_ _zk
at t_ Omtes s_m_d be paacet cle_ly urger tim _
_'maS_ s mth_ty."

M_eg_ent l_btes

2.6 LIFE CYCLE COSTS

0_Kations (kst fur th_ currmt Shuttle dm_n hss
to be_Sitmt. REF/-85, it tot-.n_$2189._f_ 8
flights or S27z_flight:

S[_ $l_4. _4 FliRht Ops $345.3M
Er 4_.8M O_cd_ Hk_-e 162._M

_un_h 0_ _7._ C_ _ _._
Pm_mUmt_ 30.3_ _ 51.6_
G_ 24.1H (tntmet _ 17.LH

S_total $1894.8H

P]m mt_k Surest $20._
R & R! 274._

F/-85 Tom1Cost $2189._ (in '85 chlla=)

up-fret pmgr_ e_t_ .ultiplies _ c-F.le
a_gts.

Solutim

Premm _a_tredtstic_f_c___omt a'ahvais
f_ O:rgrem. l_lze ].if_ cyr_ _sts -- not start-up
c_ts.



2.6 LIFE CYCLE COSTS (CONT.)

Space stati_ _-m _cr_ _l_t e_ir_,
1_ _ still quot_ $10_fi2Ight Shutt._ aosts U_ich
is bmedcnmunredlstlc24fllgh_. _
d_. q_t_orat oosts and theeffort that shoutd be
m_, _ thedes_cmc_t_.l_ p_s, to
de_. fzE_ cpemtlmalmsw bo_ f_rSpaceStation
andf_um faithVehicles.

_emnt Notes

2.7 COST DATA

Pmbl,m
m

(I_ data are pt'esmted _o O_grem in _ _t

fu_mts _i_Ichmkss it almst impossiblefur direct
ca_erlsms.

Salmi_

Bu_t Off:i_ _ _ staxt_
f_m_ts f_: Spree Proem. b.fl_ts _th _ d_initiom
m that cusis_t c_mrtsmseml_ dimct/y made.
mph_ds _x_ bem Uf_ Or_leOmts.

_lmt is the omt of a ShuttleftiRht7SRM,842M,$'/el,

depexts cnmmyf_cmm. _mmyflishw? Mlcm_s?
c_s? s'xrt--mn? l_n? flmd omts

imludei? _tianc_ties? mm-ti_tien of
xe'dcleR mm-cizati_n of _ empetiti_ prictrg?

i_Judm'? _t? mS_
nt_t Operatia_ _ s4_.t? _
Sites? etc., etc.? llmt yeer S_/

2.8 REVITALIZATION

Pt'vb]_

'tim _ Ojir/eCust of t (frcm
carept _theoWmdaellif_) isembitmt axl
v_mf_l. _ _:tuel_o_'t_ _ tl_ _rly
_:tmms by as inch as m cz_ierof mgnitucle.

Salutim

* _t_].t__h_me_tem_t_:

+ 2mBlenmt tr_mmmtal _t ai_m_i-es.
+ _ or mmdatlrg "s_rk _(k_' type
_t_.

+ S_pllfy_Zsysm.specifications.
+ l_:erirg camm-c._-type _;_,._',e_ to miltta_

system _t.

10



2.8 REVITALIZATION (CONT.)

Ma_t Notes

Allof tI_ aix_ rill tend to r_t in less _tly _t
1_ _Ideh will allow _th _t and emtnrtc_ to

r,,ltu_ d-_, mt Just n_ resulatic_ or reci_
-- difficult, but um _ affx_xI not to tzVq

_e ShuttleI_ _hiehh_dumrumof the above,
hes _ _twlse to gnmt_r tim. m
ax_r-_-_t._ _ t_ iratiaZly _t_l.

o_t _r gltght

Cost 1_: Pou_
(intoo)

1972_-tlmte 1985_tml
(_) (L_5 $)

Slo._._ am M

$160/474

_9 VEHICLE/CSE MODIFICATIONS

Prd_m

agencies fur_ _amr_tory ,rxtifieaticr_ on I_
by ustrg a mmflatoty dss_r_ticn wiuh ft_lumt
_lmst t._t.

Saluttm

_zzc_ ttght ciffJnitimofmndatorymods dzo4_ HO
oontml rod/or all_ GrotmdOperationsto dm_e

mdifdcaticn costs to tl_ _
_m-_tes.

14xtifieat_ at ti_l_site,mti_ur_18: the
and fiscal cmtrol of G_ O_tic_

mm'egmmt.

g_t_ ,xxis often _t _ fltght-after-fl.tght if

that they are highly _ -- not m_da_.

_ TRAINING/CERTIFICATION/DISCIPLINE

_l_ re_ts of _ _ (51--L)in.tittle, by
a_l t__tial(h..ission gerry

ttat _ adelmte _ edsted f_r all aspectsof
_hiel_ _ -- tfi_e_re _ cas_ of
_te _ of m_-_lin_ of
_, a_ tretetmte .sresgnmt diseiplin_ in



_ TRAINING/CERTIFICATION/DISCIPLINE

Salutim

MsVate mmagemt malysismdplardrgto dete,dm
soft m_as_re_amnotfn13o_; trairdrg
imtitutel to asst_ trde-stm3dt_, cetificaticn
estahli.4_ to idmtify up-to-dam _ of
critical gtx_m_; md ,_6_mt _t (with
troth) to _ _ nmmmry _.ilxl_.

(CO NT.)

tl_ st-a r'_iir_, "of _=,_Btely 5too
cknmmts ealmtei,a_ry _ __m fix_l
to be inca-r_tlyeemtel. _e _es am

_ in ratinesuchas imomrt sd_nattmm,
.dsslrgslSmt_zes,lackofOC,_te f__,
etc. _, tt'ese_espotnt toa problem
IrM_virg la_ of disdl_lim and _tlm m

md r_ulmmmm. _r_Iminltia_ m
acr_ -d_4_,ml _mlrg _ _ _1,mt,, p_m_
at all ]eels m _ pmpsmda,s, _,
,arlficadm, and _. II_ S_I (StandardPmctloe

r_ds to be rosalind, _ if
reosmmry, d,m_. At_mdm_milmJstl_

Rm _ 5_-L ZlndlnSs,mainpm_ut_n m_de_ tern,
"um_ of test md _ equipmmt and
tms._ of _s-er_ mt ted_dm pmm_ _n
ope_ticn of test equipmmt is critical to the
q_mtia_ emciency and s_ty _ _de and Gm
_. V_datozy _shou_be_ in
t_ use of _ltdl_t and the M=_..--_ of cri_icsl

_ QUALITY ASSURANCE

Problen

Phms mphasls m Insp_t_m. As a
lass and the _'mldmUal

(hnnissim l_mrt, _ mm-ege.mt has amp]/ft_ this
pmbtm by _ mmpo_rmt_ to S'_ect
qu_ity into tim product. _ricm iraust_7, :led by
J_n's t.tflemtatim of Dmtrg's mthxls, is begimirg
tD _ fl3at _timismtu_ly costly,but
also Ireffecti_e.

f_r d_ sm-ias

po_ndal.
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_n 0UALITY ASSURANCE (CONT.)

So]n_on

i_mgqgnmt and_ nust bebe trained and led intD
a total q._/_m.(alaDs_,E-see

6.2). _e _,dlE _ is not to automate qm]ity
_rlficatim, but imtmfl _o lxflJd quatity into the
pt_luct and lx_mote quality _p tD eliminate
the rmed frromstmt impecticn. _-as_xtldmquim
a m_or d,_p_ _ eult_ as _ll as _ but
nmds _obe dme.

P_Bmmt Notes

_ ROBUSTNESS VERSUS OVERDESIGN

L_k of n_smemhssled _o_rnmed0p_a_rs and

SoI._

_muld gl.lo_ f_ ems_tmt ol_s_t_on __._ be]o_
design limits. _ls will emm_ ope_aticml lifm,
mtrdmi_ mintmmx_e, and alloy f_ efffleimt mis_on

S_E desks, is _ m_er _ robust. SS_'s
_Ka_e at 10_ of nmdml at d_L,E fight. _ds

s_s_f_mly _cmases __ a_d
msl.m_e sndo_s_t_ tlm _d o_st.

_ DATABASE INTERCBANCE STRUCTURE

m _ dat_se tn_ sm_'e _ists fir
des dam,

t_i_ty dam, _ data _ and eloge_t, q_wations
& _dn_m_e _, mquirem_ts mtis_tion.
_ds hss led to grass du_tim, agssicr_,
tnef_eimeies, and e_m.

J_3



_ DATABASE INTERCHANGE STRUCTURE

Soluflm

I, ple_t tldf_d I/fie O/_le _ gl_) syste, to
ptx_l&e birth-to-&ruth u_if-l_ data tnterohar_, and

t_tal use of MII.gID-18_ _t all systen
a-_kp_t a_d q_ati_._ phys.

* _ere islittleor m dam inter_ _ty betwBm
oromt SIS design a'd q_mticrs da_mes.

Ma_t Notes

_ LAUNCH AND MISSION CONTROL CENTERS

S_Sd_sn req_U_ _ n_ of s_x_ perm_e_ _
_a_rh _d Misslm Cmtml Omt_s.

lVl_ht cr_sdonothavea_qua_inlmt _IDd_flSn _d
q_ati_s eriteda.

Djdr_g Sl_:t]e_don_d_t, themes an
attest tD pa_e the e_ in the o_,e_cioml cx_erd
_; _, t_ _t_. Mission Q_tm]. Omte_ c_oept

oat.

gi_ f_tu_e _ _hie.le _ hes_k_ t_e_s
tr_h:e_l, "(l_Jn-O:mrmd", a_tuxm/ to
Ol_mtioml O_sts, fl_ht cme_m_bers _ould be
Jn _ te_s f__andso_ syste,s
_w_.vk_. _rel_ht 9Tatms Check; (_unt_; ._omt
FI.J_t Oontmll Ot_t _; Clt_t _t

(]omm_; _ _tm Vemger_t and
O_at_n; Orbit _ _ _ _h
_et_m _ V_mt and _t Omtml.

_ KEY PERSONNEL SHORTAGES

Pmhlm

* Labor tnt_-at_ q_ati_s ease key _
arlng _ eriti__l laneh _ti_rs.

14



2._ KEY PERSONNEL SHORTAGES (CONT.)

Ml_T_t Notes

Urmms:rehle ou_rt:Ima_tsasasafetyissue is
underscored by_varieW of accidents and incidents
associated with Shutt.le_ in momt _aP3. 1his
_l_msix_ o,_rt.ime ts a tmdeoff bet-_ t_ desire l_eep
on dutyti_se___ththegr_test _ and
the need to gua_l _atnst the u_r-_hl_ _:f_mtSof

f_tigue.

glanirg f_r sm_ eapabi].ity needs m cusider the fact
that oq_gdmtionsaresimdsothatou_'Umeisa part
of _ q_a-ations. _-ds,emsthat tosm_ by a
factor of 1.5 to2.0tsmtpossihle, lq_
vittn_ larchopemtiorsexperionoevillbehirefl with
an i, tmct on both qufl.ity and _ty.

So]ution

test_.

_taumm_ m reare_luir_mt f_
and the ectea]edtime_mf_r

One lmtentially catastmltdc human _ _ 4
_inutes, _smmdsbefvcefl__]axch_ 61-C
m I/6/86._toaLSOCincidentmpczt, 18,0301t
of lie wa-e _tlydminefl froBtheEr due m
opemtnr en-or. FocUmtely, thelg(fl_dmtotoed the
rain _gtne inlet te=p bel_ the ao_tahle Ztmit causing
a ]a_h Ivld, Ixlt ml_, 31 smrds befi_ lJltof_.
IrM_sti_tlon _ that eoremleolx_atccs in the I_
had .d._h_te_pmted_ mm_m mmltlvg fxu. a
fal]_ mlcrcewltchon a rep]e_d_t val_; the

operates had bern ondutyat thecmmle f_

hom_ dtzi, E the thi_l flay of _¢Kldrg 12-hourrdght (Spa
m 8a=) shift_.

_ DESIGN PRIORITIES

ty, mtn_ty, _Ight, space restrictions,
mf_ty, cost, sched_, etc. Up-fzmt c_ts and
p_a_.._ _ hadthetopwl_ty.

Ol_ati(r_ and k_k_ties inef_eier_ies remlt from
wlority _ lack of l¢_lecb_ of o_emti_ml

15



_ DESICN PRIORITIES _ONT.)

_m_m_t N_tes

Solutim

r_mmt _st m_rl_ti_t_mf_etcr_ in
the _t__L_Oyr_leO0stsas fl_ driving
fzztar _1 tt__cmoeo£O_atims_stsss ti_
mJar drip.

St.pltdb" in dest_ am _ to the rest effflei_t,
fledble, reliable, and emt eff_tt,_ so_aticm and
needs to te su'emed aso,e of the _ _
pL-t_ttee.

d_lggh_ mn _uld ha_ strong _tatim
tl_ _es/minmimhility ar_s _th tt_ power

to _nimr _t _ _ to &si_, _ntmets,
_t, _ _-iffleatim e_rts.

cta-t_t _utt._ _atele _ _ be an c_mti_
_hiele ,¢lfln_t mJar block mdif:ieattms to _te
minmtmhi_ty _ tn mah s_m_ Lack o_
s_-t_t _ity, co_m_ty, md _l_ty am
_i_ its _.

_ CANNIBALIZATION

Pr_Im

_rts g_lstming is 3_t amttn_ illmtmtim tt_t
the _uttlePtxgrm_smt _t-_z_ f_rm _ra_
sd_h_. _ emsdous__mde_ _st_r_

_ _ts infir,_:oflx_l_t ite_ of
pa_iv_ _r g_r_ty. _ mue_ gu_d to
_rtstght_l _xl has 1_! t_ the tmf_ieimeies of
_tim to _ tile fl_tgat mt_.

Sahrdm

._x_pt tl_ nma_y t_-frmt rests of adequate spm_s
in _x_r to r_t_hif_O_e _ vit_

eff_ent _ttms.

16



_D CANNIBALIZATION _0NT.)

Ft_m U'mOmlleW_ Pmsidenti_ O_,_ssicnl_z_, "llm
l_gistlcs _ f_ 51-L gmmd pmcmsirg _s
imfle_te, sinceit createda heeltoremve pro-isfrom

other_te_ tocuntlnue51-Lc_mtlcm. For51-_ 45
out o_ _mte_v _D mquln_ gzts veto
cenitsllmd. _ese partsnm_Ifrantnltstom (MS
T_C acttmtcr and a fuelceil _ sdsnificmce to

q_mtias of cmnibalJzatim is that it creates (1)
s_d_cmtly incree_ _to_the sm_
_k am to mltiple instalZ_tim and retest
mvlremts, (2)sctet_ dlsmptlond_ toadded
md rnnmlly laterpartavailahillty,and (3) arbiter

pote_tlalam to increased_ysicalactivityin
tim _hlcles. _em efRzts m_ cmnibalimtim

q_aticmlly umcc_pmble."

_t I_btes

_ COMMONALITY

Problem

Q:st-eff_d_ oa.aa'elit), q_mrtu_ties have not been
:inlxlmmt,_! f:_ ti_ top d_.

existingsy_emstojustifyandpradde funds
f_rnm__t; i.e.,SatumVand Shuttle.

SalmOn

I_-egeamt must _ vtgilant frr cmt-effiscti_
_..mality _ttes _rteh em be t._lemat_l
t_qtam.

use bmdtrgtn_ckgt_pmgmms to=_d_immed f_
q_amcatim and flight testiS. _ m_

a_ety pt_m in sSmar app_icaticm
slxxtld be cm_kte_lfi_di_ct _:g_liffleatim to
_hanm uast-effi_ss and reliability.

la_dble, _t shouldelect to design and
qualify _ to the highest emrtzum_ts mat ._ht be

with the n_t st-era1 pmjeetat gtx_h
ehar_s. _ mstts_tn the o_r_
that tq_sults, andgreater cuff:ixlax_ is _ted f_r
emdy usem _um_yhighmm_edst. _he
system, dsgtgmdand qua_f:J.ed f_r f_ure growth, do not

tim nmd tobemqufllfledU_enthere_tgn_h dm_
occas. _s prlorqufllficatlm,dni,flmstimc_st of
the re_ de_ anl reix_ them_nitudeof the
rlsks.

17



_ COMMONALITY _ON_)

Ysm_mmt N_tes

_e Delta _ p_4des sine oost-eff_ttve

s_lications m_e _ted. It, s utilized in
_ms mmmd &umsmed sp_e ixugmm _e _ _o
fit oJrm_t LV n_lut_m_ts. _e OSAF-de_ stmp_
mtom for _or _ze _isptst. _e _
rem)-mtor mt OSAFI_ motor _ used as tl_ I_u_ 3_1

sty.. _ ,_ u_ _omt _g_m tlzust_ _
Irnxpomted Int_tbe_.lta2rdsu_. lhese_

sysms _ep omts doraml _ _tF.

_ PROCUREMENT

Prchlm

Sir6]e year _ts add sigaificmtly to _t
costs.

of dxoq h cmtm:t s
triremes _ costs. (_y, prim cmtrmts
_t spec/fy G_ s_mly li_it pr_ omtn_r ability
_o addeve m _ cmt eff_ti_ desi_

Proa m ts demi d
spe_f:icaticm in _ of, or in sd:litim to, end
l_dmt _ slx_./Scactc_ li_t the
omtnrt=-'s _ty to be imovati_ mi east

Solmlm

mlt_-_sr pt_eure_t _hme_r possible -- eum_tt to
qu_dti_ t_ _ _x_tim eosts.

_r_t b_, of m:l_ _-_tm, sud_as _, by the
_o_m_t to el_b_t_ mltIIflef_e_zlG & A_ u'dy

it does not limit the _ omtmetom
_ti_ to be tmo_ti_ and cost eff_ti_.

le_ spmiflcations _ be _ only for
the top _ of_.tpmam_ and
_it trrmti_s.

* Fa_emsr_m use of _m_mllty.

* the Lurer Orhit_rmsahtshly_pmgrm
ml_ pm_rm le_ _.tet_ct_s in

18
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_' FUNDING PEAKS

Mars_m_t Notes

_ MANIFEST CHANCES

Ptdal_

_h_st _ cm saturatefad]/ti_ and
persmn_ _ stminm m_ _

Solutlm

* _18ht emtml m mmif_t ch_.

For abortpa-ic_ of t_ to thme mnths in,_-1_5 a_
_r_v 1_6, Shuttler-_4148es_mel_ _g

to perfom at nx_gh]y trice the bx_tefl t_ht
mt_. If
Impact on

the efff_t
pmems_,
chain.

a d-sr_ o_uzs late e',oqgh, it _11h_ m
the _-1al ix'ocessm. _ O'ese css_,

_ouzx_ vl.ll mt a].lg_te t__ and
of _ dm_ i_ _ byan

and u_ttmteZy byt_h_gte_t in the

to _tror_t Bemy tb_f:ield: "Had,,_ not led
tim a_cidmt, _ _ _otrg to 1_ up _flnst a _d].;

__ to _ e_ir _ m_drg, _ s_s
61-_w_aldh_ toa_m_ 33hmrs. llm t_ ridiculo_.
Poc the fl_st tim_, _xms_tostar_lup and

we h_t to,lip thelatr_ht_t_ are not

19
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3.0 SYSTEMS ENGINEERING CHECKLISTS
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3.0 SYSTEMS I_iCIIIEERINC CHECKLISTS

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11

Automation

Autonomy
Change Control / Configuration Management
Growth

Hazardous Operations
Interfaces

Maintainability
Operations Cost
Payloads/Cargo
Processing Time Drivers

Reliability

NOTE: Vhen using these Systems Engineering
following in mind:

Checklists, please keep the

All items are not pertinent to every system.

Some items are contradictory. For example, an item may be
applicable to a near-term design but not be desirable for a

more advanced design.

Some items represent better solutions than others.

PAGE'_-'--IIWTENTIONALLY BLANK
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3.1 A UT 0 H AT I 0 N C H E C K L I S T

SYSTEMz
SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. _tumte to a_id pex_tual saturatlcn.

2. ,_tmate to mire canm_t tasks.

3. _x]mte taskscn _ tlmllms.

4. ,_ate toa_d lumn _th li_tatlcrs.

5. _tumte nmtlre tasks.

6. _utmntem,crlmtlon tasks.

7. _tumte sequentialand timetasks.

8. _,tom_,udtorlrg tasks.

9. _tn_te time_, hodrg, or uiDtlvatingtasks.

10. _L_n_te gm_cy_t.lon darl_.

11. _te _ m_tIcsl or 1_giceltasks.

13. _te _ _ _ mllaSili_.

14. _omte mfety_ tasks.

15. ,_dz_mtesystemwlUhomsideatlcnto cze_acceptmm.

16. c_te _ _ e dedslm mk_g a_
selfomtml.

17. P_ide g_d ca_t_r pm_m fl_Ing md
mmluti_ Irstnrtlans.

)8. Design systems tDbese__ (notgtxx_
depmdmt).

19. syst_ s_u_d_ c_b_ty aet_g po_
.p/doramtnm_cally _ _o_ _m_l

_/___ _td_m.

20. _ sel_-di_mm_Intosystem_h_chklmti[y
syst_ d_gr_ht_enas _ as _ _.

21. Co_,_ _-yst_sho,ld_ d_ frraatuums
f_ul_isolationtoIRJ le_/.

22. mt_ma_ _ _.

23. _t systems stxxtld _ hfl/t-in
dmddrg c_Z.

25
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_I AUTOMATION CHECKLIST _0MT.)

_e

26e

_e

_e

_e

_e

_mmtle emtr_ l_ts _ be based m
mmstm_mts o_ the critical em_ttim, not
m tn_te emputatt_.

_ti_ of _-_ f_r t_=_g ar_if_t
tsdattm. _ds _Smld mt 1_ _ _ tl_ _

_ I_1 p_t _lm_, bat vith d_ latest
_tch _t dt_mes fal_ _m.

IJ_ _ off-tl'ze-eJzelf _tfll_mt _ts the amountof
_tim _& canbe__d _o _ d_l_.

(]_u'svithb.dlt-in_ ¢ap_L_tyto
r-_4_cate f_uh imlati_.

=mual o_¢dde capabtltt7 fir all automttc
o0nt_ fmctiom to aid cha:]cx_ and _t:L_.

Use self-tze_bE [RJ's to _ the r_quh_mmt of
d_ut _Uo_W d_r_out.

Baroxle all U_'s acmm all (_ md _ldcle t_:
_l_t to_ automte__nto¢7 and_cton
control.

i_a_ i
i--i
i I
i i
I I
I--I

I
I
i
i
I

i--i
I
I

1--1
I I
i i
i--i

i
I

--i
i
I

I--i
I
i
i

I--i
_ sa_ cost o_ a h.i_f:td_ty mocl_ at dmlgn aS_--y, I l
u_ _ _t_ _o_ f_, _t, _1 _.t_ I I

= _t_ _ flight ,_-_. I I
I--I
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3.2 A U T O N O M Y C H E C K L I S T

SYSTEM:
SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

le

e

e

o

o

e

o

8,

,

0,

mum.zs _,=_zs tobe_z_ _ _ s,mm_-_

Qmtml. of ground em_ a_b'oc flight cry.

OJmmt _ data and _t_! _tioml
s_atm infixmtinn _ be mintatr_ and made

_ ulxn n_lum_ tt_o_ mm_y r_lout to
gin.hi az _ _ta-s.

audit _ of l_Ir_t aut_r_om aetivitim
_l.tmt state _ _ be stored a_l
f_: m_ut to gmur_l emtml]_ _ fl-tght _
_ upmn_u_t.

Sou_x_,of cmtml -'_uld be _t to tbe u_:
_k_tl_ fzm _ _ m_, tile fl.isht er_,

Test ml:_tinn _ fi:r pa-fomtrg _tnt_
_nctio's _ be _ in _ with
r,xml opaatiu's m a nmtnt_f_m_ basis.

/rg _ f_lt _eiat_l _th _utonamm
Ol_tin_ _ result in a _Ll..q[zm_t_nal and/c_
fail--mf_ m0c_.

of _ de_e f:ault c_zlil:l_m
_lgflf:l_t.l_, _ e_ mf_ty.

Self-trot design fmtm_s _'ndd be _o_rated into
both th- _ mt _ of tbe _

syst_ to _ _ cpa"at_m e_ in the pmsm_
of intmsl fimlts.

Softw_ hmlth and minm aigodtlzs _ be
to_ _mte _Ics andv,rifl-

catlm prlcrto Iss_ _ _ _ recm-

f:l_ticn eo_r_ so that the oe_-_mm of false :

swi_ are d_ e_pdm md_r d,m d_ mle.

_l_umt _ such as _ glitches, hit
_, etc., _ be a_mmdatefl by the mtm-
ca_u_ _t_ cles_n such that th_a_ _t
to t_ £uneticml c_ati_n and _zfls_-atim.

I Y/N I
I--I
I I
I I
I I

I I
I I
I I
I I
I--I
I I
I I
I I
I I
I--I
I I
I I
I I
I--I
I I
I I
I I

I I
I I
I I

I I
I I
I I

I I
I I
I I
I I

I
I
I
i
I
I

I
I
I
I
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52 AUTONOMY CHECKLIST (CONT.)

_e

_o

_o

_t

_o

18.

19.

20.

21.

_o

23.

24.

25.

25.

_o

_o

30.

_plen_mtatim of _la_ d_lgn f_ _ not
in_ _¥ _lrglc_x_t fidlum_ or _nifl_t.ly

m.ua_mty.

_ig_tomt _ in c_.l.irg _1 stn_ o_
_unctior_ eh_nt_ msult_g in _ mliahfl.ity

not be _ I_ mton_ J,_lmmtation.

_ _! be a rl_x_ e_Imt_on of a31 f_ult

_ mt_mus _s_n d_ign shou_ not e_t _
in a _mt_ of olxm_tion ttmt a_e not _.

_ mt_m_ _ _n _hmld _ got_ttm
fxm _'_r_om cmmr_ f_tm al.l htmm or mdflr_

sy_t,r_ _houkl 1_ th, e_hi3_tty of _trg _
_dom mt_mtie_ly under _ _ontml

_-_ memt flight emtml.

_.e_-ir_mmm_ mL_sim systen _t. and operate.

"C_-_..o_md" _ mt_n _ _l_t. _d _J_ht
_nt_]..

D_dm_ on th_ ML_n Omtml Omt_ (l_g) _hould
f_-_ oo_utat_ns andd_m _o

r_t_n, _-_rg, sortie o_t_r_,
d_o_tt & entry t_t_g, &_t_n _.

_ti_ _ _ be cm_let_y _t of
other s',ys_s mi sahs_t_s.

[_s_n d_ _cle vlth m_u_ _ o_ G_.

_;_tion _ cht_ tim _drg tile _r_tmt
n_d _o z_lJo_ _ l_kl_h, andamss.

28
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3.2 AUTONOMY CHECKLIST _0NT.)

_o

_3e

_e

n_r_mts f_ mltiple _ltddrg o_atims to
_a _ s-__ _.

_ that are tied tq_th_ so that the _[
ofor_tanaxlthe_tn_'mtc_t _'_cs, I

the ret_t of other _. [

I_a_l

I I
I I

I I
I I
I I
I I

I i

I
I
I
I
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3.3 CHANGE CONTROL/ CONFIGURATION
MANAGEMENT CHECKLIST

SYSTEM:
SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Q

2,

o

o

o

1

o

1

o

0o

31

14.

cte_ omtml s-ystm shand be _ f_ tim lorg
tern us_ and mt tbe m_-ttm dmtgr__.

s_uld be a slrg_ gngnn codeIdmtlfl_tim _

emtml nmi_ f__.

g_dlfleatlumat timlaneh site,mr be undm:the

emtrolof thelaneh 0g_tiors o_ml_tim.

dmlgmtom shxdd be of a oammt fixmt

ac_ss allixngum elmmts (omtmctum).

_, mdtficatian of a omtmctc_ or _t
_lUtg.mt ahafld be e]mrly idmtifi_ m

t_ c_m_g md t_ _rt.

are idmtifiei as such.

IkmRrg _ emtrol mfl _ syst_ _ be
dmtff_l f_: tt_ ]rag nm_ u_: mfl mt tl-e
m_-ttm dmtg_/bAld_.

}_,nfmtw_rgdn,,_.-_ _U be _ f= an
OSSl_fl.teS •

_glma-lrg dm_gs andsemBtlcs emtaln _te

s_stms.

n_rg mi tort_ _n,_d be _gic_ md
s_pmflal using a _ f_m_t and de.retire.

,_g mflif:ieatim of emtmct_ or _t-_
be c.b_]_ idmtified on tim pm-t and dmdrg.

l_m_ a _ dm_z_ md I_t nmt_ s_t_ _n
all _nmmtor _1 _nmt _ _giimmt.

AR dmutr_ .u_t be up_ht_l to .-tch fire1 N_-x_.

Rxitf_attm of the parts of ale oontzact_x by a s_
omtzacto_ _ be ch_ _ on d_'_.

I I
I I
I--I
I I
I I
I--I
I I
I I
i--I
I I
I I
I--I

' II
I I

I
I

I
I
I

I I
I I

I I

I I
t I

I
I

I
I

I
I

I I
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_3 CHANCE CONTROL / CONFICURATION
MANAGEMENT CHECKLIST (O0_.)

9.

0.

2,,

3.

l_dntain emf:i_mtio, emtml docmmtation sho_mg
_t _ 1oration of units.

Do not g_te mils an s_am_ d_rlr_, but mtha"
tmxlx_te m lmie _rlrg.

shE]e point ].isthE of _th_
do_m_ts.

a ]_tsti_ rqx',_m_tati,_ an the _ tem
to _nt:in.al_ _ tl_ _ of sta"da_,'dimtlcn,
e_e of min_-aloe, and _dh_ty.

wlttng _unt_ s_m_.

A min_t_ repres_tati_e ahould sit _. fl3e
_qe tm_ vld_ status e_ual _o _ _r,t

nqx_ntactws.

_e _ _ _t ooot'dimte systew _ be
_ini_lzed _! _ntml_d.

I
I

--I
I
I

--I
I
I

--I
I
I
I
I

--[
I

i
--i

I
I

--I
I
i
I
I

I--I

I I
i--I
i i

L__]
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3.4 G R O W T H C H E C K L I S T

SYSTEM :

SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

lo

o

3.

4.

5.

6.

7.

So

o

10.

_cmmt to _xxJ_xta_ _

Incoqx_te _anfl_ tn_.

_ _ m of_y a_ ser_e_g.

_te C_K_E f_r_.._hflngartiflelal

armm_ _t sub_te_ _
mf_ty_ _d em_ g_,lmds.

--I
I
I

I--I
I

I--I
I

I--I
f_: ease _ idmtif:t_ticn _1 ao_sihl.i_,. [

I--I
Dwl_ f_ _ c_ _ut_ __ _ticrs. I

I--I
m e,_luti_ _ _j_t_ archit_tum. I

I--!
I

I--[
I I
I I
I I
I--I

that_ht be_ _th ther_t _ I I
_rJ_g_,_hd',_. _a_a_sttsinm-_in 1 I
tl__ _=tcim_ ts _-_t_! f_- _r_ u_:_; t I
ar_l the _ cio mt n_gi_ n_qu_lif:teaticn f_: ti_ t I
r_t _. _ _hi_ _ _tu_ _-. I I

I--I
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3.5 HAZARDOUS 0 PBRAT I ON S CH E CKLI ST

SYSTEM:
SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

le

o

B

e

Ontmm o_mtiam mustbe absolu_lyminimizedar_

Tmie mt_.ls _ be e2.t_imt_l _: em_ by
systm om_tim to amm_chte equip,mr dm_
out _tt_ut c,_aAtian of _ arm.

,rot be _ _th suf_ieimt _ firt_
so tl_t _ arums is not re_let_l _m tt_
_m ts at f_l fl._ht priam.

Pad].t_ locstiars f_ _ mwrtals &_emticm
must be suah tfet plated _-tivides do not

opxatiam in a_mt f_kUties.

5. l]_ emmxlities ti_t ¢bmt r_pi_dmmwictng.

6. U_ link pmh self-sml_ _.
J

7. Inclu_ isolatlcnvalws fnrfluldsystens. [
I

8. _ _ _ tn_,. I
I

9. El/,_te _ murlal su_ae m_m_mts. I
I

10. l_v_e _ dambsse u_at sl_ _ apem_m
crlUx-la, List _ acCiv_, cmplL_nm.

1e

_3e

6e

m_le_ _n a_cian to the mmal __an erase
fnmalt_,.

I

' I

5_



3.6 I N T E R F A C E C E E C K L I S T

SYSTEM:
SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

I. _z_e a_,a,h_ rot.hE_ a_dim_ma_
_ to.11 _,1,_.

2. Minimizem_k'Efun:Clam.

3. Parm_ f_:_s, ,_ize shked_a_d r,eer of
tnlts,_d as_l'ebee g_ess.

4. El_te n_-_mmt farcksea_ ]atd_k_.

5. Des_ In_f_es f_rself-al/gmmta_da_amte.

6. Eli_drlateI,lhril_e_l.q _ .nO_4hle.

7. El_imt.e _ claraazl a:nUol ].h_ ttm_Bhuse
of ap_csl ]Jrks be_ ,¢_'_c.leand

I--I
I I
I I
I--I
I I
I--I
I I
I I
I--I
I I
I--I
I I
I--I
I I
I--I
I I
i I
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3.7 MA I NTA I NAB I L I T Y

SYSTEM:
SUBASSEMBLY"

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

CHECK LIST

I.._::v_slldlltymustbe _ toe'exe c_mbillty
f_ m-_Mt m_Inte'w,m.

2. Ptot_ti_ cov_ .ust i_ u_d in amss fl_at _
1_ 1_1_ tm_c.

3. Da nat raltt'_ 11_7al of an LK1 to anms anoth_
stnm this _ retest.

4. A_o_.-d_d,_,_J_ _ _ p.,r_of_-,_-
_ty.

5. FluldLirasm_t bede_ wlthoptlmnpmtect_n.
(_uiekn_tr l_teh kits are also vequlnd.

6. (lmmt_ _ am r_gir_ _hieh _te t_t
pim to eltgflmte oddter dma dnv f_m this om_.

7. InWo_ min_ty _ tme of s_vice pmm/s.

,

9'

Obtain __ re,ix mtntmmm immzttm_
ar_ th, p_k,:tionn,_

_tim.

10. Give ,mt,_ls to mcrlci.E opemtiom in ti, amen
of_ i._.

11.Prot_ti_ _ ahmld be _ r_l _ mn%_l
"f:r,_igLIL_in_ traffic ares.

m.lnta_nm md retest.

13.I_ a _ m_in_ty dm_ eritet-la at
d'_e Inc_tlm of the pmp_ axl a stm_ des:Ign _qe_,,,
Ixm'd to m:rdmt- _ to d'_ crltecJa.

14.S_ _ _ a,i lo_do, of _,_r_s fu_
esseof m_inm_mce.

15. I:)_s_n sy_'_ m a-shle fu_ c_mg_mt or e/rcuit
r_et _thout _ _ t_t_rity.

16. Imlude a ]q_:tcs mpre_mti_ m tl_ d_sim te_.
to contia,slly adflmss the _ of _tim,
e_e of mintma-_, end acoz_bd].i._.

IYm
I--
I
I
I--
I
I

I
I
I

I
I

I
i

I

I
I

I

I
I

I
I

I
I

I I
I I

I I

I I
I I

I
i
I
I
I
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_7 MAINTAINABILITY CHECKLIST _ONT.)

17. StmSmti_ I_teh _ _g:l_att_ to l_mt
uT_mmry _ _et__ts _ _hie._
g_s_g.

18.LoQE-temspsceangir_mnt with _tion_-
[_B_m'haticn of ._clules _" remlt in fit Ixoh]s_ if
p__t_/ck_ am intEg_ _ of stn_tt_l i,_ri_.

19._ self_ Into_ _hlchIc_nti_es

2D._dn_ _ slxx_ _ _ Int_ a
da_ ti_t _ _ti'g, IRI and ret_t
_x._ _ au su_ystm.

shouldbe des18nedto s_vi_ a]/uses -- not just the
_._. u_ Isa _ m _ds _bl_

22. _ e_nts _ be omuallz_ Ino_ _o
m,.-m tat_ mn.int.e',mx___ esm_,_.

23. _J_t_ mustbe _tl_i_l _ _ _t _r_d_
_t_c_ I_t_m _l_hle ,_hles.

24._ _t c_lity f_ mU,s.

25._(stctsrg_t _ _rlfi_tiom _ be .flnt,dmd
or el_dmted.

27.O_,m _o_ a_ _ _ss _ on _r

28.Desertof _ra_on omuu]s a,__ _ be

29. S_ ¢_mmal..ity of ¢:uqxr, mts _ s_.

3o. u_J_ _x_i not _pm.ise the int_dty of
s_3t_ of _l_ieh it is not a part.

31._n _ _o_mb_e _m_ circuit board _t
vlfllmt m._rlrg CRJf_x_ s_-t_ tn ax_r to._hd.dm
]L_st.

32.UtilizedsK[_ swltd_s that will _ _ cha_smt
without e_-_[,_ po_-_rs.

33.o_le s_,_ e_h _dcle ,_p _oa_ _11
om_tlbl]/_.

37
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3.8 O P g RAT I 0 N S C H ECK L I S T

SYSTEM:
SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM

L _ick-d_ee su_Tsre_ a._ ._n _es _ _s_e
withEO_ __+ty tocrldcalomlx**mts.

2. S_ int_rf_ssa,l l_rtswithIrkrlty _ohiSh
__, _, off-_ omlx**mts.

3. _t _Flac_,mt rather _ in m-]/m
_,tegmtton flow.

he S_ l,Vksd ¢mtst_/s'm_i tnred_m to axe
withmtmamt/r,_d¢ _rot,i ca'r_da's a,i no

shroudsemmtlm pgmtad**ies.

5. l_du_ numb_ of ]a_e ele,_t attac_mm_.

I I
i I
I--I

I
I

--I
I
I

I--I
I I
! I
I i
I--I
I I

7. _ self_t a_i arto mte/demte in_. I--I

8. Des_ _ rapid motor a,t _rs:_m.

e

10.

11.

_3e

14.

_o

_Q

De_ h%h _ty U_J'sro_.im _.

into mte/ck_t_ with mmt_ _nteg_W/mnit_

EliminateT-0dL_cts; _ _ alldlscmmcts
to be vemwvd _ _ T-Stainor mrli_.

El/,i_te tieneedfur_ i,sp_tim of ue_O/eal
_mre_tlon.

_ mlillu_lin_ at the_ of ti__hlcle
_! _te specialaccessequ_.mt.

self_ stn_ wittn_ _nte_l
_t_ ar_rg _ _rd em:t_.

ShE_ lx_lnt po_r tn_ to oxe st_ f_r aU
_le/e to reduce hmm_s opsmtlom.

Int_mtad or Blu_-in (_ ammated final _ &

lamb s_a_.

I
I
I
I
I
I

I--I
I I
I--I
I I
I--I
I I.
I--i

I
I

--I'

I--
I
I
I--I
I
I
I--I
I I
I I
I--I
I !
I I
I--I
I I
I__1 I
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3.8 OPERATIONS CHECKLIST (CONT.)

9,

21.

22.

3e

24.

25.

26.

7,

8,

9,

0.

_tt_: and oti_ _ ¢mstmtnts _ f_g,
vinfl sh_r, tbm_ _, t_g_amm, humidity,

in_ etc.

t,ttxdmi_runberc_ _m u_d f_ sWg_ axl
ot_ si_licat_ns.

f_arsutamt_l _ cletecttm.

MSdsdm fluidIn_ andpormt_l leskparos.

actmtnm that do not requi_ testing,
smrldrg, mt £L_t lx_s.

Ix_ml_m system that do not m_Lre offiSmd
_1 smrlctrg of _t systems after each flight.

__t system that do not
re:vim st_a_ g"_r w fire1 ],_nd_s,_:Lumm.

_Imlmte useofsolidpmpeUmts andp_'omdmlc
derlomw mdum tmmdms opemt:lans.Zt_aoe
an-bo_ _ Saf_rmlmm wire_
.cnr-tyl_ d_mm_t

A sysmu mustbe de,dsel w idmti[y _/p_losd
in_mm pu_s/de_s befo_d_y _ a fi_d
o_s_aint.

main_r,_ty/a_,_ibility q_-fzmt w
stg_icmfly rea_ lats: _a-atiom o_'ts.

_os_y of ramble h_m at _e lar_ si_emt_er

dm mmte L_ndor sm locatim Ixovid_ a savings in
groundq_atims _st.

Provide suf_eimt ,_ talk e_:aeitim w _

i--I
I I
I I
I I
I I

I I

I I

I I

I I
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I I

I I
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i I
i I

I I

I i
I I
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3.9 P A Y L O A D S / C A R G

SYSTEM :

SUBASSEMBLY:
ENGINEER-.

ORGANIZATION/DESIGN BUILD TEAM:

O CHECKLIST

lWN I

lo

o

3.

o

5.

e

e

e

9.

0e

2.

possible, trench se_-eff_cimt l_l,_tq to
mtntmim inte-Ez_ with _-_iele.

Mbdmi_ Ubenmi_ of JnUa-_me_t_s.

Inmq_t_ _ inter_ f_mtt_g tntD
slz_ or la_ch _hie.le.

l_ularl_ f_ _ _1 r_iuc_ e_t.

Placecriticalor lowmem-CLm-t_-_ inareas

_l_h am n_ily _ble.

B_spa_a_e or use _ a_d 10_1 p_s to n_uce
dsm_ on f_i]/ties.

_lu_ds to be cm_atlblewithall ]ar_
_htcleswithinm ard_t_n_.

pe_1osd$ stasdm_s.

cumun tn_ m_irg _ and tnte"mc, m
ommm to all l:sylce:ls.

_ omtmls slxxtld be placet cn cm_ _
to ].trait tim _ st_ chares em't cn

sohKhl_ _! e_ tmintrg.

l_lmfls md/_ their __ stem _hich require
_hide dm_ _ mcei_ speda_ safety
zede_ in addition t_ tim nczm_ ocrE:flgt_attcn che_
f_mltty.

_@dcle .zx:lificactcn.

I I
I I

I I
I I

I I
I I

I I
I I

I I
I I

I I

I I
I I

I I
I I
I I

I I
I I
I I
I I

1 I
I I

13. Stmdardt_ dectricat _1 attach lx_t f:ttt_d_t_l I
I--t

14.El3nimteor mbd.dm acti_ hmtlrg redectlcn I i

I--I
15. _ special attitudeand themal emstraints. [ I

16. _te _l-,icle'p_,_ ammicatias egipmmt, l I

17.uses,q_m_eca,wt_ fn" p_m,:_ tn_.-fme. I I

m. P_de _f-_nta_d_r _r__U_ _e_d_ty I I
__. I I

I--I
19. use _m_lc ctxsmmtaticn to _ integration 41 I [

_c_ss. I__1
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_9 PAYLOADS/CARGO CHgCKLIST _ONT.)

20. _zredst:_m fnr pevlmds _x_d be dedS_ fnr esse
of _tier_ mro_, md inte_f:_ m-lficstim.

21. Simplify, mird_, ard _ filrerfzce
requh'e_rs bet'_m psylmds and latreh _hicles.

_ts.

23. _ __lced ___'_ vim
in_ &_:Initimand stsr_k_cl_mat:_rm

24. Smxkrdl_e q_atla_ fxr _tlon a,l altitt_e.

z_ I

I
I

I
I

I
I
I

I

29.Sm,kn:li_ q_,_,_et servlei_ fir=tiros,in_,
a,l_.

30. _ mlntm_ azl s_ fltSht azl _and cre¢
stmlatim ard tmtntrg _sed org stm_ fl_t
__mes; s_ sp_ec_ m_ _r_
_tiaz _.

m. Pt_n_ csrm _x £hedM].Ityby smndsM lWClmd
In_, opemtlms _, and accmm_tlm
allomtim.

3_. S_miiz_ (_ and _ at all lccstims.

33. Sm, ls_lim _lmd _.

34. Usmdsdlca_d P/L _ sys_n to z_tm _pm:t m
_hicle _ softm_ _ tnfl_t _tiom

35. p/L sofn, mre sepu:ate told nx_tlarized m avedd
_alidsdm of _htcl_ _.

36. O:e_ ?/L e:remd & dsm _ fnr mttiple 1_,'_

I I

I I
I I

I

I I
I I
I I

I I

I
I

I
I

I
I
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3.9 (C 0NT .)

_e

39o

PAYLOADS/CARGO CHECKLIST

dedlca_dP/L _ _1onlcs _ r_kr_ LV
_mfl&_aCim and _rlficactc_

_tri(_]. and fluid tn_ l_t_ fir
!_.

e]mm: tmxhr_ of m_r_bfltty.

I--I
I I
I I
I--I
I I
I I
I--I
I I
I I
I__1
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3.10 PROCESSING
CKLIST

T

SYSTEM :

SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

I M E D R I V E R S

Te__qulu_n_

mlntmmee _Lumm_

ImU_aEl

I I

I I

4. S_q[_i_:_D -

5. _--

6. _--

7. _--

8. _IRqlR_ --

vehlc_ _zflflcatlm_qu_mts ]--[

l--I

I I

I I

23.om_ _ L_ p _,lo_ _ _cem _mnm_s

I
I

_J

I

I

44



3.11 RELIABILITY CHECKLIST

SYSTEM:
SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

.

.

o

.

.

.

.

l_rSxmn_e mrglm mst be Incrmsed& m_e _e
qun_ftcac_n m_ng pB_m_d _o _z_sse Mn_.

rest tneh_ smtm m_itm-t_ fmtm_ so that
sysmn bea1_ am be eesi_y& q_ck_yde_m_ed.

Sl_ _ indic_tes n_! f_ a _m_Ir_ gx_nd

hot fire t_t _ _U_ mltil_ _ _t
d_._-,u_te _emtiu-sl tim f_r in _rem of flint
liner.

R_gid mant_g of _rtical _ in hiRh vihratim
lo_tiem has lsd t_ _ - Shock mint.

_rl_ dmtn_ at _ gxint in ho]l_ _zuet_

Lanchv_dc_esmus_be_ v_m v_y _m_e
p_m_e m_ns andsys_ _,

•_b aU_ cp_a_n yellv_dn _ m_s.

• To _ ._n eonl_t_n de_lte h_]_ f_lu_.

. _b_ _ p_-_n_h _dn_.

I--I
I I
I I
I--I
I I
I I
I--i
I I
I I
I I
I--I
I I
I I
U I
I I

I I
I !

II

U I

I I

I__1
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4.0 TECHNOLOGY CHECKLISTS

PAGE q6 INTEr_TtO,_ALLY]_NE
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4.0 T g C H N 0 L 0 G Y C H g C K L I S T S

4.1 Technology Rlsk Index Scale
4_2 Aerothermodynamics
4.3 Automation & Robotics

4.3.1
4.3.2
4.3.3
4.3.4

General

Anomaly Resolution Expert Systems
Mission Control Expert Systems

Space Station Systems

4.4 Avionics
4.5 Power

4.6 Propulsion
4.7 Structures b Materials

4.8 Other

NOTE: '#'hen using these New Technology Checklists, please keep the following
in mind:

The cryptic technology description Is intended only as a
clue that thls "technology" is, at the least, being

considered for development. There are some duplicate
technology descriptions with different terminology.

The risk index column should be completed based on the

definitions given at the beginning of thls Section and your
own technology and status investigation.

Technology that increases complexity or hazards increases

Llfe Cycle Cost.

PAGE c_ INTENTIONALLYB1.ANK
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4.1 TECHNOLOGY RISK INDEX SCALE

Index Description

OFF-THE-SHELF

1. Off the shelf;

2. Off-the-shelf

specification.

little or no modification to that which is existing.

design; each item is fabricated to individual end

STATE-OF-ART (SOA) gITH PROVEN SOLUTION

3. Known materials, process, methods, and design techniques; no extension

to SOA; few problems.

4. Materials, processes, and methods are presently employed but not to such
an extent or magnitude; may be unknown problems in design.

EXTENSION TO THE SOA WHICH REQUIRES DEVELOPMENT

5. Materials, processes, or methods have been developed but have not been
used in such an application; there are some unknown problems in design.

Apparent solution based upon analysis and physical investigations such as

pilot models, simple simulations, etc.; additional development is
required to confirm; many associated problems, many not known.

.

BEYOND SOA

Apparent theoretical or empirical solution; no actual physical
confirmation of the solution; would require extensive development;

likely many associated problems, few identified.

.

8. Solution looks probable but can only be found wlth extensive research and
development.

9. No reason to doubt a solution can be found if enough time and and money
are available.

I0. Unknown materials, processes, and methods; at this time, there is no
indication of a solution to the problem.

PAGE_0__ INTENTIONALLyBLANK
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4.2 AEROTHERNODYNANICS

Z_r_eScale_ra_il - _ _L7

,_m_ic _tiaV,_mtt_mdym_cs
gluid ,_sts, l_erlmmtal _t_e,

,_mt._try _.mmmt, O:ntmZ_ _s_)

4.3 AUTOMATION & ROBOTICS

4.3.1 GENERAL

_, Q_srd Missim _nUul Ex_t

L_.chC_Unl

V_cZe G_.d _ _ess_ _r

ann.a_ed_5_tkn Pmcea_ & Saff_

_u_m_d Self_

SoftwreProd_cn & _kin_ VeU_ods

S_n L_a.a_s

_ro_o_r_

MeU-lcs& _asuren_t

_bo_Ic

SmartSe_s_s f_rR_bo_i_s& _m_

m_o Asse,h]e& Test

Self__l_ Test

S_addr_,and _a_

LV

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

I I

X

X

X

X X

X X

X

X

X

X

X

X

X X

X

X

X

X X

X

I
I
I

x I

X X

X

X

X X

X X X

X X X

X X X

X X X

X X

X X X

X

X X X

X X X

X X

X X

X X

X X X

X

X X

X

X X

53
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_1GRNERAL _ON_)

4.3.2

4.3.3

* 9d_o_cs f_ _sss_, _ts, sol T_bi.l_tcals

* _c_

* _c_

, _lP ard T_" _

, _t_! _otlc Smmlrg f_ _fl__ht
_ases_mt

ANOMALY RgSOLUTION gXPERT
STSTBMS

, Ooap_r-Atdat _ DesiS, f_r

Start m_tZt-_n Test (_ B_

Sm_ Sy_m _teg_atedTest(Sm_ S_r)

_dnr_mm _ - aoz(m Boz)

_dn_ce Expert- Systm04ZS_tm)

HLinr_mm _ - Smrt (m Sat)

_¢amtlcTestPmgEm Qmera_on(_b'9

StartBex_

M][SSZON CONTR.OL gXPgRT S_

Fight l_SnC_Jectct_, on-oddt.
a_c_Sax_

* Vehi_ Fight Soft_ n,+_, &
Intes_Clm

* Pnxkx:t _nteg_cim _t

* O_ctm fxr Sof_ue &
Etx:mmta_onProOfs & Ois_tion

, _ Yntegmctc. &Te_ with

, _nterf_ TesctnZ

* Tes_ & l_[agno_csf_ _nr_gmtlon
V_-lf:icacim

, _ t___ht __. C_. &
_ Ua_r_s

I

X

X

X

X

X

X

X

X

X

X

X

I
Ir cm

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

ICeS I I

XX

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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4.3.3 MISSION CONTROL EXPERT

EXPERT SYSTEMS (01_r'D)

, Integral a-d lhrt _ks _s w!th _-lf-_m_t
&_tio.

* Stmlati_ Soft.re II._3_,_t &Test

* _ ._l.ieattms f_r Fli_t _1__,
C_s_.andOstu,a_

, Brl]/_ & DataL_k Sd_hli_

* PredictimofIresofSismlTiros

* Sstelli_e_3sten

* r_lt Mmi_

* SpreeTrafficOmtrol_

* _ gLisht-Cdtia31 _atiar_

* ,_ti_ Q_r_ _ _l_'t

, An S_s_ __ & S_p_t

* Rml-T1m Prd_Im Solvlrg.Valfi_tlm
_ n_mstics

* TelEmetry0pti.dmtlmSrofi]es

* TelmeUy _ta mslysds

, _ Tm_ _is &_k_Bt

* llistrih_ of "IMData

4.3.4 SPACE STATION SYSTEMS

* _ ea_e_eopem_

* _ti_e O_tml

* 0ff-llmP_bot_ _u Cq>Cq4

* TactileSmsxs (Arm_. Fxce R_back)

* _bared Feddm Vlsim

* _ l_ot Gulc_I_i_tion

* ,_mzl _s3nt_ f_ l_bots

* D2sl Am l_obotics

* E_wtmus t'_ilnlat_

LV

X

X

X

X

X

I om I om I om Ism l

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

I x

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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_3.4 SPACB STATION _ONT.)

4.4

1 I
lt_l
I--I

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

I
IF_Zm
I I I

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

_z_l _,m_l
--I--I

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X



4.5 AVIONICS ((II_.)

* Fiber Opti_ _ f_ gotim, _t,
Fluid L-,_, Fluid ar_l F1_

* _art Sa-su_

* __i__fie Int_Smt_l Creuits (ASr) tD
t.lxl_mt _r

4.5 POWER

* H_ Po_r _ Foel Cell

* ._',,-ar,ed AI:'J

* l_..ker

* l_ati_e _ Oell(lq_)

* _l_elCell _)

* II_ Ni-H2Batte_

* BipolarNi-_ _tU_

* Ni-_lP-tta7

* N_S l_tt_7

* Li-So2 l_tt_y

* Lt-SEI2_tt_y

* Li-TIS2 lhtt_y

* Salar Ovlls

* Ht_ _t_ _t_

4.6 PROPULSION

* ._v.az_ l_emehle I._/I_ l_lElm

* kb'az:,ed _smble L(P./_ B_tne

* ._,m_ _pm_r Un/'.._ _:e Er'_e

* _dme

* _ Pmpe.Umts

* I, pmm:! Sol.'idP_:l_lmrs

[ i i [I_im_:N[_ i _ I
[LV [ _ iF_L I _ i _ [_:tU_l _U_i
l--l--i--i--l--i--l--i
x x x I

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

I
I

x I
I

x I
I
I
i
i

x I

X

X

X

X

X

X

X

X

X

X

X

X

X
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4.7

4.6 PROPULSION (CONT.)

* Solid Booker Notcr I_zzlm

* Cry_mic l_

* Space-beret S_lce_atn_

* All Electric _ Cmt_ol

* Var_hle _st B_lre

* _ed 5o1_11kos_ (I_ O_ta_mm, Im_e
_e_n_s_, _ specie _mlse, _1o1_)

* Air Breathing (Street, l_]et, T_>-ra_et;
m_nmted,Cmbi_ Ojcm)

* Slum_,n

* ._lmd _pe/_ts

* llnl Kel _rgine

* Electric _

* _ S,_catned _tmacicn ([_D)

* SolM _btoc O1V

* ct:,Z/_ _, e_,als_

* _ q,c]egr_irewl_.Zace-Bm,l_cket,
LtqdficaCtm &Jet

* 1%uo_e,On-orbit, _t Vent. & Tmsfec

STRUCTURES &MATERIALS

* Mvecse gestl_ Pcota:tim &Opmmticm

* (I_Df_c _c Ikat _mfer

* AI-I/Structural Atlo_

* SiC/A1esqx_te Sm,:t_-al_Ua-lals

* Gr/NgQmx_te StnmUn_ Vetedals

* msh-Taq,emUme Almlmm Alloys

ILV

X

X

X

X

X

X

X

x

X

X

X

X

X

X

x

X

x

x

X

x

I Laz_ I msz_l m_ I m_c,
(1_ IF._Z_L C_ I CmS ISn_l

--I-- --I--I--I

X

X x

X

X

x

X

X

X

X

X

X

X

X

x

X

X

X

x x

X x

x

58



4.7 STRUCTURES & MATERIALS (CO.T.)

I I

X X

X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X

X X

X

X X

X X

X X

X X

I_ _ I_1 _u_l
--I--I--I

I

X

X

X
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X X X

X X

X

X

X

X X X

X

X

X

X

X

X

X
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5.0 DESIGNERS CHECKLISTS
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5.0 DESIGNERS CHECKLISTS

5.1 Accessibility
5.2 Avionics

5.3 Breakers and Fuses

5.4 Commonality
5.5 Connectors
5.6 Electrical Power

5.7 Engines
5.8 Fasteners

5.9 Packaging

5.10 Rellabillty
5.11 Safety
5.12 Structures

5.13 Subassemblies

5.14 Support Equipment
5.15 Test Equipment
5.16 Test Points

5.17 Testability
5.18 Viring

NOTEz When using these Designer Checklists, please keep the following in mind:

If top level SYSTEM Eh__ recommendations are folloved
using the new technologles, these detailed DESIGN CHECKLISTS
should be, for the most party slmply a checklist of past
problems.

All items are not pertinent to every system.

Some items are contradictory. For example, an item may be

applicable to most designs but not be appropriate for your
specific application.

While many items appear to be obvious, they're included in

the checklists because designs have these problems in recent
hardware.

PAGE _; INTENTIONAIJ_ B_
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5.1 ACCESSIBILITY CHECKLIST

SYSTEM:

SUBASSEMBLY:
ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

I. _ccesseslocatedtofir/litatemin_.

2. Orbltalacce6scun_ z_env_t.

3. kx_ss isnothlndeml by InstaUatlm.

4. Rre_esa]/uwcr_mmbem tosmwtnt lt-syare
do_g.

5. Viasl accem is pm_ dsm nmded.

6. _ a_mmes _flo_d _ practical.

7. _ sire a-d dspe _¥rlate f_r _wk to be
p_m_.

8. ;_cesses_ fir_$ms tasks, e/otht.ng,
_, trois.

9. E_Aaccessesallowfrrcpemtlms androtguT.

10. Fr_tmt.ly_ mits arem slidm, hire_,
roll-o__.

11. l:_-_t, quick ae_ is lZ_rld_ to a].l t_t _1
_rl_ l_tnts.

12. _n _ use r_, _g, q_iek-o_ _tes
cr c_:s.

13. _i_ itms _ be slidoutmth_ th_ llftd out.

14.._cem will not cut personnel, c/othtrg, etc.

15. Gu_s and ddelds protect permm_ frm hish
mltvg_, etc.

16. Safety intedocks are _ on ax_m to all
hm_ds.

17. S_rltel_ em ov_rSfle _t_lod_ if mtnte-_ce
r_L_k_ mit on.

18. l_h access l_mttm _ identified fir
tmtructim _.

19. La0els idmti_l-marfls, t_t ors_rleepotntshddrd
_o

65

I--I
I I
I--I
I I
I--I
I I
I--I
I I
i I

I i
I------i
I i
I I

I I
i i

I I

I
I

I

I I

I I

I I
I I

I I
I I

I I
I I

i 1
I I

I I
I I



_I ACCESSIBILITY CHECKLIST (G_II'.)

21. _ idmtify _iuig,mt/mt_-lal behind or used at
_o

22. Iahe]s _ s_11 acx_s_ _ lZq_ tma'ti_ _E
mols/sgn_.

23. Am_s _ a_l _ _m to _ tyl_
and lneti_.

24. _RJ_ h_olws.drdmmao_s, _,

moJnts, etc.

25.._c_ &xrs si_llmt be lindbeerhE.

26. _ms _ _'a11be _ keephE at_t
_e to the,drdn,n req,h_.

27. us,_,,,s_nyeh,,nBea.ra_,.prln__t boBras
po6_ble.

28. r._,_pf:L.eq_tlya,:t1_t_,:loo,,l_ts ee_._ ae_.

29 _t.l,y ac,:_m,s_1p,m1_ ,_ qui& a_tion_t_

tl_t _ _gy to n_eh.

30. _ suffic_mt _ betwmm _mr_ctc_ so they

31. _ e_uil_mtso tim _gr_ts _h

3_. A_id st_ldrg _f lmrts. _ units sln_ 1_
,nnt_d to fied-esslsmti_ _ toeechother.

33. _ bafflesor balesfir_n_hE udt_ _ d-ess_
hun_.

]_ I
l--I

I
I I
I I

I I
I I
I I
I I
I I
I I
I i
I I

I I
I I
I I

I I

I I

I I
I I

I I

I I
I I

I I
I I

I I
I

34. l:_i_luil_mttol_mittl,nm_hvts-lt.,-s_:ti_ I I
of l_rts so ti_t _ious fat]m_ _ I_ lo_t_l quiddy. I I

I--I
35. _e _ti_, _ f_ ,_Unt_r_ without i I

t_ _ o_t_a_. I I

3_e _t (Rl/ciruflt b_, etc., _ be
r_. _-_,_ _th _ hot (_e possil:ae).

I--I
I I
I I
I--I
I I
I I
I--I

I

!
I
I
I

I

I
I
I
I
I
I
I
I
I
I
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5.2 AVIONICS CHECKLIST

SYSTEM:

SUBASSEMBLY:
ENGINEER:

0RGANIZATION/DESIGN BUILD TEAM:

1

e

o

e

o

Equig.mt _ be mek-.nnt_l whtth h_i-og_t_l
e_ti_ fasta_ to bald IIU in lilac.

• luig.mt _ _ shul_ be _
],x_tirg _tuipr_t in the _ie_le. _ doom,
cmq:3, latd_ & _ emtfl_tion _otfld fn].]nw
Stnrtm'_ Q-eddJst in this docxmmt.

Bqui_mt _th a high n_oval fz_um_ _ be
situat_l in _-d_t loeatiors t_ f-,_4tate a_+,

la_, tull_, and heavy equilymt _ be lxat_l at
a _t haght so as not _o_ st_,
l_ltrg or I_g f= its r_vel.

_,_ dm_n s'nfld _te tt-e re_l tn m,_
_uigrmt, such as a .n, ntirg m_ tD ef_t

mn_al of a bla:k lxx _ tt_ nnmt:lrg mck and
hla:k Ix_ am cusida_ as one assmt_.

6. l_mt c_l-endl_, switches, _ls ordeals togatn
t_ _lUilmmt shafld_ _.

7. l_sr-_nt_! _r_etnm _ not _ the unit to
I_ h_t ,_tfle it is l_lrg egr_t_l or dlssn_t_d.

--I
I
I

--J

I
I
I
I

--I
I
I

I--I
I
I
I

--I
I
I
i
I

I--I

I I
I--I
I I
I I
I--I

0o

8. _l_rmdmd_ln_om_ettmom_t I [

_ _ to _ the m._al _ tmtal_tim o_ an [ [_ shoulflnot !_ mqui_d. [

_portati_. I I
I--I

_ _r_to_ _hml__ u_d _ pmr_ pmp_ I I
_tgmmt and pt_t bmdtrg of pins. I I

lle Cn-_hie.lemtnt_r_ _Jusmmts, _l_mmt_, _ I I
cal_tl_atiors _fldnot be_. If the_m'e I I
r_giz_l f_ of_-_hie.le mtnt_-_m, tl-ey _ould not [ ]

- I--I

I
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_e

_e

_Q

_o

_Q

_2 AVIONICS CHBCKLIST C_I_I'.)

_e _l_t si'o.fld inc_g_te fmtures such tint it
is ,_l-,rdcslly and electrify i_m_hle to
equil_mt tnom_:tly, or to attad_ e,_l_, tubes,
electri_l plugs, etc. in an _ merry.
medically _ mtirg, different_ _t_s,
etc., _ be _xrat_d to e].tnflmte all such
po_ibiltt_s. Shspeo_ t_rg, _ pmrisims,
ocxlctc_les, lal_].t_, etc., shx_ not be used as

l_kmmt _u_t _ ¢i_n_ meh t_t m-_hie._
mtnte_,_ _ ue p_et bype_r_ w_g
pmtecti_ elothtrg (rusks, hm_y_, etc.)

I--I
I
I
I
J
I

I
I
I
I
I

_.n _oald !_ m _t f_r _ mintemoe]

_quilmmt. i

l_t loss dudrg _h_de minte_nm.

ltly./l_ _tl_mt _mld I_ us_l tv mdum fi_t
_o3actclt a_l f_ncckn _ t_.

_ _ho._ be e_luat_d ar_l c_fl&med at s_e ti_ as
_ehiele equigrmt.

I
I
I--
i
I
I--
I
I
I--
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3.3 B R E A K E R S & F U S E S C H E C K L I S T

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. _ or _t _ pmt_t _th sid_ of the
].ire.

2. l_E/eir_t lXeE_S are lxat_'gnmp_l f_ emy
tmpmtim.

3. l_'eim_t _ g_siti,._ly indimte

4. lhsilyreset eim_t _are_, tnally
to fu_.

5. _lp_ _ _ emi_ det_t_l a.d reset f_m
fret g_.ls.

6. l_mks_ scrag s_ furttas are tit mm stm,
t_ sld d_e.

7. Immrtio-s f_ clmt_ triR:_! _ are cle.r
andsumdani.

8. Ikesla_s sre _ ,_h functim ard 1,_'
ahsmctedstics.

9. _ are m front pa'e.ls _ are r_l_-J'flp
vittn.: t.ools.

10. ase _tmfla_ a_e _ tn a f_
_te ryes.

11. I_ vith r_l_m.t parts are u_ rely in
tnlstal casm.

12. Ereh_ fuse chsnge_t/circuit _ _t withx_

dist_hirg syst_ int_rity.

13. _ o_]esd indicators m m.'ior cunpanmts_ if
o_r_ _ts mustsu_ttJ_ he l_pt in operatSm.

14. Provide a IX_iti'_ Indlmtlm on tie f_x:nt psnel that
a fij_ cr circ_t _ has opted a ctruflt.

15. _ _ fnr sl_e fu_s _n a _ent
1ocatlm,andmark"S_E'.

16. Salect _t lx_i.a_ cs_hle of I_I_lg _n_Uy

opemtsl to ti_ _ and (1_ posltlms.

IY_ I m_

I
I

I
I

I
I

I
I

I I
I I

I
I

I
I
I

i
I

I
I

I
I

I I
I I

I I
! !

I I
I I
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5.4 COMMONALITY CHECKLIST

SYSTEM :
SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. A ._m _,r md _mde_ ofs_,,krd_
Ke umd.

2. t_t ti_ed t_s am _t_ly _
in dtamter.

3. Stzp_m_ _'_d 7/16 _unch_ m usedd_,vqr
p_ctLml to mirdmize tools.

4. "Idmtical_-*-_h1_m. _e _._adsremb]evltba_
nvl_nmmt.

5. Like ai_s_tmvL_diEEa_nt fu_tieremmt

5. S_, pv_e_dxx_tsmmed Eor
muUre fin:Urns.

7. Cmum Lnt_ace rating _ ard in_
¢_¢n m a.l.l l:_]_ls.

8. Use_aff-the_ pm_s.__).

9. S_ cmlxr,mts _ possih_, but don't
m_ _-tm mL_ cx_p]m becase oE it.

10. _hemp_tt_, _ a_ _p_r p_ce par_ a_
sm-da_d oEE-_.

11. Strlct_ _ the me of _ tmls.

12. _ speclflc_tions ut _ a m_d_mt
f= _ pR_ fastens.

13. _ sp_i_t:im dndd _ a2.l eleculc
U_'s dmld Im_ quickdL_conm=t__,.

14. Project offi_ must r_lew _ tnp_ during

creators _ _ costs, m:tnure-m
m_h:,_, _csl d_m _d tmirdng.

I--I

I I

I I
I I
I--I
I
I

I
I

I
I

!--i
I I

I I

I I

I I

I I
I I

I I
I i
I--I
I I
I I
I I
I I
I--I

Rm_R_
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5.5 CONNECTORS

SYSTEM:

C H E

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

C K L I S T

1. Cmnmt_s am I_,_IK1U_r _gil_mt
semmtionis mr.3y.

2. _uiek_t a: lflUg--tnemnmtom are used
w'm_ f_sihle.

8. ltmr of pl_ L__-4hl,- fnr us_L_ ,d-_.e
pmc_<sble.

9. _d_te_sam _ ifr_d_ f= _es_/a_i_7
_mmt.

10.O_r_tc_ ared_14_d, 1_1, _ to l_'_t
_k_Ir_tim.

11. _.1t<s_ mrlm are pm_ and__t-'E
pm_med.

12. I_'s a_e.m_ _ _n_mdplaint s_,
vh_l.

13.o_a:mr mmncl__n_ are_

14. _ q_ ocrr_cr Is oado.s, b._ d_ Ix_mts
s_.

15. Omm_ 1,,& _m r_Im_ le.

16. A11r_.1_, _zdr_1. _, etc.,m-e_

17. E_amo_,_mm, pins, _._ are _ as

m. D._ CSL_am su_.ied tO tm_t_t _t_s
not tn use. 71

I--I
I I
I I

I I
I I

I I
I I

I I
I I

I I
I I

I I

I I
I I

I I
I I

I I
i I

I I
I I

I I

I I
I I

1 I
I I

I I

I I

I
I



5..5 CONNgCTORS CHBCKLIST ((I]gr.)

_0o

1o

2e

2_e

2_e

2_o

7o

_e

2_e

and ree,T,c_l,__ _ c.le_l,y :SJm'd.f:iedby
o:_:r, tags, etc.

O0nnec_:ar]abe]s/_:ks ooi'mla_e vl_ :r:un_t[on,
Ja:k,_.

Strips,armm, etc., indt_e l:md._ _ pi'q_
mseztiu,.

mum/m_,r_1--=,pm,M_ withalJe.mepinsor
4mrlaem.

_ pro,m _Lr=mpo,tt_,,era.rodteV0rd

t,J_sarec]eer_yo_ed a_daze_ In sta,kM
fashix_

9jame_;_d. pin _,_,tm-,'_ are keeed _o pi'mm_t
lds_mectton.

I%-mrl_standazd oorr_tocm so that: o%_"a f_
,a,pt_ =hie, vin be _,d fnr t=_.

o_eetn: _!_st_mt gxin= _ be pemmmfl,y,
_,_ _t_._ _t_t.

_ vlze, o=,=cr_s ar_ pm s_ae eor]_ so
t_at ixe_ out I_ms aze heh] m a =irdm_

az_e _mm are pm_ _ _or ¢om_=
ewlmm_t:s.

i I

I

I l
I
I

I
I

m

I
I

I
I

I
I

I
I

I

I I
I I
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5.6 E L E C T R I C A L P 0 g E R C E E C K L I S T

SYSTEM:
SUBASSEMBLY:

ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

1. (lrmet_s shx_ t_ used IDa mrLm. ortmt.

Slfltctng should mt be _ to r_lam m
el_tricsl empmmt. Provide curates at each
_ vtre or heums tmses thro_h.

2. O_eetoEs sha_ __e f_tm_s to
that it is tqmmihle to inmn_t/y rote.

Ourreetnrs ahou]d not r_gim tools fur oumect[m..

4.

,

6.

7.

_ts and c_r_aL_mnt_l _uig_mt
h_ sufffleimt s_vl_ _ to a].log _uil_mt
m_ witt_ut u_ovlrg other _vil_mt or pmels.

_flek _ tD _hie]e I_ttB-l_ _ be l_x_ld_.

_& _ss _ be pm_ded _o _ pmels.

Cnm_tt _ _ould be r_ahle _ _hiele vlfl_ut

I--I
I I
I I
I I
I I
I--I
I I
I I
i--I
I I
I--I
I I
I I
I I
I--I
I I
I--I
I I
I--I
I I
I I

m_iv3

16. _ nmd to _ a tie _mp ftua a _ lxn_ _ld
not be _ ID ac_ _ or h-_a]/a_on.

17. Use_ oanmtom, rot _ strips.

I I
I--I
I I
I I
I--I
I I
I--I
I I
I--I
t I
I--I
I I
I--t
I I
I--t
I I
I I

I--I
I I
I--/
I I
I I
I--I
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5.6 g L g C T R I CA LP 0 VB R C B E C K L I S T (CO_.)

9o

0o

_me_ _ a_si_ _ not be used.

l_tr_,_m electrical ga_rat_s a_xfld be g,x,_t_d
t_ the _ _ _uctL_ ._unted _o_ with a

_ to f_litate rq_cmmt.

_./_ _-o_l _ m_l tD _ f_t is01atim a-d
fl_ticr_ _ time.

I I
I I
I I

I
I
I

i
I
I
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le

2.

e

o

o

e

e

So

o

10.

11o

3,,

5,,

5.7 E N G I N

SYSTEM :
SUBASSEMBLY--

E CHECKLIST

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Use alle1_trlc_ emtrol.

_al/_stallat_n oE the_ c_tm_

wlthtie_hlcle ina _dcsl or hodzmtal _

tad_ Ent _hou_l not mtuh'e _ d_'tedl_'.

the aoa_imti_ _hich f_ilttat_ the lo_st
_t_.

I

I
I

I
I
I

I
I
I

Oaiek dtsmmmts _xrld be _ f_r all el_trical, [
l_11ant a_! flu_ c_r_t_rs ,_y f-_ _ I

((_'sast be _ fix_t). I

_ck-_t_E er6L_ _unts _ be u_d and

_unts ahouldbe _ _ble.

_e mtt-_ of attadl,_t of the _ to the _h_cle
a_uld be _ch t_at _ ._u_l _t of the

11_ _ _mtml _r_ti_ _xdd he a qulek
_t tylm.

emtml _iu_mt _xfld be _ __.
Nb _t _ eEire _ s_u]d I_ _qulz_.

_e eE_e o_ntn:xlsh::u_ i_ _ by a si_ tnlt
_:1 not r__.

._sss should 1_ _ frr _ltStm_t of r_i,E
_ts.

_ rm_al of the_Im _ od_ _.

to he tns_ctefl (chip det_t_, dtfff_mmtt_

75
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I
I

I I

I I
I I

I I
I I

II
I--I _
I I
I I

I I
U I

I I

l--n
I I
I U

I I
I I
I I

I I
I I
I I



_7 ENCZNB CHECKLIST (C3_lr.) .....

_e

1.9o

_ _t_ k_l link _fld I_ attm_ _ t_ _g_ by

side _ ]:h_ should gl_t out of t_ _l_i_
_ m_lo_ such t_t n_! mt I_ r_l fzx_ tl_

_hiele _ (el_trk_l __, _)
be _t_l a_ a s_xuctuml_ ._unml

._a_s_l_ _d _mss0_, ammtia_ _mld

_ m_um sho.fld fit _g g_ltim en t_ _hie2_
_i_ut _t_

hou_ us_g _hr_e_m.

I

I
I
I

I

I
I

i
I

I
I
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5.8 FASTENERS CHECKLIST

SYSTEM:
SUBASSEMBLY:
ENGINEER:

0RGANIZATION/DESIGN BUILD TEAM:

I. A m_um n_r s_ _rlety of _ f_6_ms_
aze msd.

3. l_-_me_ cm 10ezmd,M a,] nmm_ witi,_t other

4. _t _ typ_-__tely_t
tn dtaretec.

5. S_ 7/16 :in:_ heK_ am med _
pmct:l.c:a.l,to _ tools.

6. htl_ f_ tn _t l_gt_ _ n_ u_]
thither.

7. 1be _ of Um's to _ fzstenem :Ls=in:lml
(4or ]_).

8.._kquat__r_ ardt_ _ surm.r_dach
fastm¢'.

9. Special fastme_ tn _t ls'gt_ are ne_: used
t_ti_.

10. Stmdan:l size, type, tnu:lm _ codesare etched
oct.

11. l_qumt_ used fmnmrmm cmtmst tn cn]nr with tile

12. _t of strimed, _.n, _ faste, cs is
,=_ng_4_hed byh_d=d mU_ usirg
cmmmlzmd tools.

13. _ticn l,mds (deepslot and h_) allow
altm_te tool usa.

14. Vlr_d mrs are pt-efex_ to kntmled nuts; amid
mpp,d lvlm.

15.Capti_ fas_ areused_ loosei_ms could

cr_te_.

16. $_s/seals fit tight/y; are _; used only
in a f_ stsrda_ sims.

I I
I I

I I
I I

I I
I I

I I
I I

I
I

I
I

I
I

I
I
I

I
I

I
I

I
1
I

I
I

I I
I I

I I
I I

I I
I I
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5.8 FASTENERS CHECKLIST (Q]_r.)

17. Ri_ts are not usedon my part that mg
rm_l.

18.Safetyvlring/ootte¢ keys are avoided; em be
_a_ if u_d.

19. _ _ fast_ are _.

20.mt _at_ ameasi_ _; _d_ _ nut is

21. l_ir_ ehBins/rk_ pm_t ]ms of stall itmg,
holfl eo_.

22. _ are ]_catefl g_a_-Al]y! can not mlga_
m_lrg _ar, etc.

23. _ are m lm_ than mmsm_ ba_d-ltrk
datn a_¢l.

24. P]_g-im, htn_, catdm, etc. mt_ nud_ o_
fastem_ used.

25. ?_-f_m lastings used_ appreciate.

26. l_Llltps, eomm anti a]_lm ha¢i scm_ aze _Id_.

egrmtiom _isht lomm.

28._ _e useof self-tagdrgscre_.

t __l
I l
I I

' Il

I I

I I
I I

4 i
l I

I l
I I

I l
I I

I I

I I

I I
I I
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5.9 FLUID SYSTEMS

SYSTEM :
SUBASSEMBLY:
ENGINEER:
0RGANIZATION/DESIGN BUILD TEAM:

CHECKLIST

lo l_e_t _ .ms (heat sink) mustbe _ dam
to _ flight ta_s to _ _tnEti_

1 Fill a_i dmtn lir_ mst t_ si_t vl_h a_ate
mt_rs_o_xn.._k_e_ sa_Idrs

tim.

o G_ a_t _ tm_ rest t_ a_t_ to _te
n_m_fle sm4etrg t_ a.t ._d.tt_ flisht to

o sm,:t_ _ tint _ _ emticimtng
rest t_ a_tded to _oom_hte m_mi_ s_vicing
tim.

o Pi_ ard _ inter_c_ mustI_ destsr_ to a_ld
destn_ unap s_ _ arks dmm_ and
fiu_s.

6. (h-s:tdecat_n must be gi'_m to e_ss _ fxu,
e_t dur_ grourd_t_m.

7. G_jrd f_ALtt_s musta_id turps ard eont_hmmt
_ f_ _ to avid f_-_ a_d _.

So _nta_tmtim _mtml mustbe oomid_ with
_1 _ that c_ al:_unll:x_te ]az_ pi_de]_ -

screws a_ bg/lm ._r t._et savieing tim. Also
l_e_tion _ se_ms _ I_ clrl_m to mire the
impact mgm_ srcte__g _ not he based m minimum

o g_cem_l,tnm_adm u_d m _c mrl_ _rd _n_
rest _ c_ pu_trg of air _hm t_d f_r 1/12
sauce. "_s c_ pu.ptng_1l destmy the _
ticn and g_m_tes a mf_ty _r,e_.

10. Pt._bE a-d _ of tares, c_ tmnsf_ system,
ergir_, _rd_t tmm£_ system mustl_e

to a_ld fmem-_ _1 cmt_mcim.

11. O:r_tdemtim mustbe_m tint ew_Rmie s_t_s
8m_ate frost and ice _xieh em case smrtuml
_,_ __t.

12. _tton rest be _i._m tint ti_ use of
qumtities of inert _s ((_ ard !_) _ to cretin1
_ts e_mtes saf_t_ and cost cohort. SIS
cost f_r (_ and _ each com_ cost twice, or m0¢e,
tt_ espe_t_ m _ f_ a gim_ per_ of time.
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_9 FLUID STSTEMS CHECKLIST ((DE.)

13. Be _ that h_h _ty _ fl_ qdddy creates
rd_ t,n_mta_ in in_t_ pipeLiras.

14, IJbof (t_ and 1_ s_ottld !_ _, not only as a safeW
lxlemttm, rut also _xl, a eost eor_m. _!_ m-_
value f_ _ _ _ used at I_ is _
la_. I.R_,. 1985, aconmaor _l,mth, tie

U_ _ m.35_ _ lb - _,_

1_ _ _ 32,480lb. _6,a_0

u_ _ _ 5,930_- _332,_0
@_ 65,0130_ $390,000

15.Omsldemtlm.ustbegi_m toimulatlcnddml m
_ .,ks_ eq_am of_=e _s_
_as tie talk stretd_ _l_a tE_strlz_ ard
tr_luc_ !_ s_-_s tn d_ Ix_l ltre. Shuttle Er
_tt_rd is _ savlee _ _tda/od_
_n t]_ st_ so that t_k c_n !_ _ a_!
_-,,,,,,,--_-__--1_! ¢.th ml_ a !11 detta strum.

16. Be _ of _mtxreat frett_g _it_tda is eas_! by
htSh _]tr..tty flow Lr_kr_ vllxadun of intenll parts.

17. Be a_re of gssible omtxreat intmmal
U_ieh is _ b/_t_e Im_icle t_eets _n a
glK f]_ stree._

IB.Be a_re of fluld_t1_s thata_e_tlble _o
f1_ _ faflme_de (closeunderfloa_st_ed
of_ inlestposlt_n_h aetuat_failing).

19. Be _ that cryega_c val_e podttm v_rlfieation
by actuator do_ not al_ _ELf_y tx_fllflnn. _ls is
still a _ f_r shuttle.

_. Lackof s_a_mt_lm of _m_n-e_s f_m cm

_.

22. Be _m_ t_at lat_ or _d_luate qualS_eacton

_m_ a_ _ _.
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5.9 FLUID SYSTEMS CHECKLIST _0NT.)

24. _aem tim t_ lack of design intesmtim (o_all
_iele) _ mare _modities to be g_d,
sta_, md _vi¢,t (adding .my more in_) mt
this mmlts in a _y great _ticml t,t_ct
(sah_ale tim, _, and cost) to the pmgrm.

25. Ommmble _at_d systms prior to ]arch emstmtn
tha hold and r_ylm _ty md s'ntld be _
or pm_r_v__a _ _si_ siz_g is
__d.

_. If hgkaflte _ntmls are _ fur tmh_ieal
mmms md mt Jmt breed cn w_ght trade and
_xrl_r_, t_ _ be self-emtatmd modularunits.

_tsas th_ _ tl__t robe
mvlrum_tally ,mitomd both m fl_ gn_ anti
inDi_t _o _ saf_ ol_atim of _l_te_le.

28.11mum of mdmical jolntsand _ abseme of
isalatimdevlom be_ highpmssm_ and Io_

_ syste_ m_e ma mmpo_ md greta
dmcka_ _m _ peT_m lea dmd_.

29. Fluid ducts deflsredwith _ght as tim dr_ e_.
_p_-_r_ a_xmtim f_ er_ _ _d r_m
_. _s is _v _ _ _at_
1_ md is not _eet_ble by numal e_nnal

tmpmti_.

30. A_dd dmflgm that do not allow strg]e ground failure

t.mum_tattm prior to flight, i.e., all sm_s
u_d f_r t_d-ltre f_ct/uns ahott_ be dual t_lundmt.

31. Flo_ Inamel vibratlcm In fl_ hmm md bellces

_uld _ _td_ by d_n _s fl_y cm result in
fau_e e_ f_ti_.

- Strha fa_ at lE-39Adur_ esr_ Ap_ttmn
r_mtlt_d in th_ spilt of about aIKgallms of I/_

_d la_ em_it erita-/a typ_ r_uirmmts as th_
_ts drl_ a la_ _ _rt ar_ rat_
__ fx,r lan:h.

33. _ _ tnt_st_ designs, i.e., _ Orbiter
- _lire qumtlm

- FnLstumfeel qumtim

- sus_p_e tod_m

34._ _hie/e d_ that are "only O-G_' as
t_ _ _ a_s t_t _dagmmat_ _ _.
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_9 FLUID SYSTEMS CHECKLIST _ONT.)

35. Be _ that mmpmtt_ stzuctutal mterta]s are
somtxlmmsusoq>tih_ to moisttme that rtttzlts in
dam_ _hm tttdected to spareewtrmmat.

36. Ial_ attrCmm, a mmble _a_rtcle_ mch
lgrOUrfltm¢l_ and _tton (redundantsysmm axl
oflnlxxlmts_ri_f:J.catton) becau_ of _te l-Ba].tah
mnitm_ am tuilt-in _c capadaaty. _o
the_l_ty riot tmC_tam, _tr, or _t
must lm omstclm'_ in txxitxlaldetdgnas these
ci_tdmetm rtmlt in groundtmta_, _t, and
_ mtnrmax_ tim ad mrooa¢ betrg

37. VJducts h_ bernmmmsfnl_ mmuf_tm_ _th
cm al_ _ of At_n 8m tn the mtd_ _.
_ve ducts mm less _ti_ tv _
_mmt Incromusem_lm_ mlatlvalys_rt.
imulated ltnm (f_m with RtckP.1)_ _ to
¢zyois mlattve_ ]m$ are mre smo_tthl_ to

ImClCa l

I
I

m

w
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5.10 PACKAGING CHECKLIST

SYSTEM:

SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

GRD'S.

2. Nud_ of _puts/_lmts md _ s_nls i_

3. m_lt_te it_ are located/gu_d_ _ d_
misuse.

4. Omp_mts a_ segn_ted t,/m_m_ skLlls and

5. _-g _w_, p_e-_,c, m_ts e _,
Cz_ mmt_.

6. _te _ksp_ is pmemed f= tvoL./tesVs_vlvv.

7. E_A(RJ'sareB_aby_g]_,a, us_ommm_
_]s.

8. LU_ Ite,sam _ tcseU_rmd .nm_ in
u.ifmm fmshic..

9. m_s aze_ a_ s_t _ sl_hdy
_ llmm.

10._'s am not _n.ma]s_; _ of mm_'E is

alm_s _.

11. I_h _ rote s_d s_dcssble i_ am _s_

12. _ item, cshles, mmmts, do not impede aemss to
(lqJ'S.

13. l_h_in, _ i_ are r,_l._,,_le without
in_.

14. S,q_L_ _ _ _da_ _
i_ amided.

15. All ph_in sod_ts, _.ys, are oriented in the sm_
dh_cticn.

16. O_s/gIns _flst m_tndrg, p_.i_ular]y
salf-cmmh_s_(R_'s.
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_ PACKAGING CHECKLIST ((II_.)

17. No fu3cticrdr6 parts or (IU's m'e _nmmt._
attached.

18. (l_s are _t_ m_nt_l mt _ munt_

19.(I_s cm_t be _tly mmted_ (_
hales,etc.).

20. l_unrJ_Z_ a _inimn nmber c_ _
f_stem_.

2].. P]_n, quicker f_stem_ am mad _m
gm!_.

22. bxtdng pins, six_k taunts, tie-dram _ umd_em
me_.

23. tl_s s_s.dd be _1_h1,_ ,#ittx_t _.

Gl_s).
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5.11 R E L I A B I L I T Y C H E C K L I S T

SYSTEM:

SUBASSEMBLY:_
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

lo

o

3,

_ssmt_l _ n_ to be _t_ _lq_c_t
_ ot_m-s,_.ew azl _.

rq_ti_ mtil epti_L_.

__ pm_tctias to detemim
fatJm'e modebef3xed_ign pm:amte_ a_ _

I I
I I

I I
I I

I I

I I
I I

I 1
! I
I I

I I
I I

I I
I I

I I
I I

I I
I i

I I
I I

I I
I I

4. M_L,Etmum of mav'ir_par_.

, fatl-_f_f_tuns._ theF_dt_I/_ ofer_
_u1_ pert_u_L_ga_ure_eeor_tlm,a sa-J_of
other_mts _of_LI,el"ea_te equil_mt f_L1u_.

6. IJr_ psr'cs,_m_dmdrent/_t]u_ _xlehss amini_m
eff_t an the OUtl_-tof the e/ro_t.

7. _i_ _ _ m_l_ _i_ _ _i_ _
_ct_mb_.

8. _ ,m_r md ca_1_dtyof_1_v_ml s_ m
m _l_olu_mln_u_

9. I_p themmber_d wrlety of em_:u-,mts(electrJ.ml
md md-ad.ml) men _ ._i.u_

10.t_LIJ_m,_np_-ts_ F_s_ble.Imu_ ea_lete
___ ofalli_ m,_ae p_-ts.

11. tim _g_uate d_aci_ _actom_ t_pemtt_e efr_ts

s_ismm) _o _mum m3/ai_ty under_t
_'_tttms.

12._te in_u_mt _ f= _o_ _mt_at_cm
of _rts.

13. Chom__ and s_td_ with the _ contacts
eu_tdet-hE _ turret _o be _nt_rupted, lo_st
_n'_t 1:obe cl::lrl:iuctlK1,_ a _ acoeptshle

14.Usetolem,ces_l_d_alla_frrum _ w_r
_u_pnmt li_c_.

I I
I I
I I
I I
I--I
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15.E_U._te_u_ dmu_ts bya_owir_3_ _ I I
._ _nc_-_t _t_, I I

85 I--I



_ RBLIABZLITT CHECKLIST _0NT.)

16. _ not push s_te-_-d_rt teahnl_ if
a_ahle, _ ml.iah_, oamm-_e
vnl_ the J_.

_._Etzeuse_l_tsle_n_lm_htshf_hzemt_s,
m:h_ommetnmmiml_.

18. Do not _ acti_ eJ_mts if a fmctim em be

19. Pm_t _ opm eimflts in wrlab]e n_m
_ _ttng _e _er tn om _1 _re_ uhat _1
wuhi o_ be _ umm_ted.

20. Be certain that resist_ uatt_e mt_ is
_te _hm _lustet _ _ _.

21. Use a strgle _m:t_ Pin of _te _t mtirg
rather than dividing the c_nmt bet_m se_ml
_ lme: mt_g.

22. _lni_ po_ su_ly dem-_ls_1 inten_ _au_e
dse t. _ig_t b/_ the k_st _h_e vah_

curet mfl w_t_e.

23. _ eimflts that _ a high _ _,ml.ta_e

24. Do not iced integrated circuit outputs t_ _e thin
7_ of m_uf_urem _ fmmt mti.g.

25. Do not e_eed the _a_.tur_s _-_w_led
su_ w_lt_e, m_lmm mt:lr_ ah_ld re_: he usecl.

26. Protect _ms and cab]m nmrdrg _ holes inmm]
partiticrm or across sh_ metal _ges hun mctmical
clmm_ by the tm of gn_mets oc otl_ suitable mmns.

27. lbJte _ to lxot_t thin f_n dam_e durlrg
_t or fz_ m_rg ImP.

28. Do not _ electrical csh]es _ fluid lin_.

29. DOnot use _ _rlmctom. T_-pl_ _lr_t_m
at'e m0t_ L'e.]Jab_.

30. Be _-e tinat _ fiat]me _x]es cb not rebate the
use of _tr_mt equipmmt.

_g-_l
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5.12 SAFETY CHECKLIST

SYSTEM:

SUBASSEMBLY:
ENGINEER:
ORGANIZATION/DESIGN BUILD TEAM:

le Allo_te G_ to specific system to amid tstvg the
sine equilmmt to tn_ with fro1, _ a'd
l_lnmlic system. C_r_y _ equipmnt as to the

it cm he umt to ss_rlce.

2. _ s_, e_pmmt _ be e.h_ly _ienti_st.

3. Pm__de adequate, fail-saf_ f_ frr IXe_tirg
to_ mt _ to equipment.

4. It d_ be d_rlousbowsafetyfmtu_s operate.

5. Ssf_tyfmtm_s shxfldhedifffleulttobypsmor
dmctivate e_pt fur specific min_ bypass
ctrudts.

6. I_ cmspicg_s caltSn_ and _ with 1_,
cm_ print.

e _ a _ aeomsible.runsofn_arlngall
pu_r to tt_ equigrent. _fls _! otherpow_ switches
d_xfld he ]heated to _t accidental q_ratiun
of the equilmmt.

8. U_ cun_t Ltmit_g _ _ _Jpmprlate f_
safetyinhigh_It_ ch'o_ts.

e all ectmnl mt_ parts, cretin1 flnfts, and
Imhi_. _ntem or _ lim t_mimls
ahxfld be at gnxrd pot_ttal ea_pt with _ to
to the _ to he mdiatet.

lo. _ q_mt_rg _ma'el r_o. _ into cmtmt
with _)lt88e in _ of 30 w)lts ok:or ms. [brat
locate afl_stmmt seree or other oun.:nly
parts near mpmtected high volta_s.

11. Far _e_ ab_ 30 mlts, lXV/_
devic_ tint _ctmte _,tnmtieal_ d_m egip.mt is
op_d, _ _.tt_s _ to 3O_ts in
2 secufls cr Ires.

12. Rmtstt_ _ retw_l_ shmld _tst of at ]mst

13. _ _ (m_ with _g_st _t_),
interlodcswithbypass,mmmtic disdm_ devices,
md_ rodsfro-potmtlalbet_m 70 a_lffD
_ts dc or ms on cuntaets, te_Im]s, and other
s_ilar deploy.
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5.12 SAFETY CHECKLIST (CONT.)

14. Int_l_ _ devices _ _ a ¢l_rly visible

s_dd reset _,tomtically _ tl_ _ is clm_.

15.O_a1_te_mclc_ a_ali_ withpo_mtla_
500mlts dcor ms. Ch_rlymarkmclca_s.

_him or ahmh_ cnlorca ml _.
inte:locksvltlx_bypam,mtamtlc
_,,4ces,md gmr_llrgrods,as_pllc_.

16._m _ticahle, tl_:l_ ¢_rmt of tl_ _t
a_! mt e_l 5 m m _d. _ mm _
is _, a _ Ifia_ mustbe at_ m
the frmt tsml _s_ng:. IA'_I_ - do mt _lm this
e:lUil:_mt urdet f:_ m'dal.].e_d met_ pro'ismm

_uraJd.

17. _-1_ l_s or mlta_ divid_s with t_st pcfints f_
_t of _lt_ in em_s of 3(D _lts pink.
volta_ di_ _a_d ha_ at l_st tuo _lml
mststom in pamU_ bet_m the test p_nt mt gm_d

18. Do not cunn_t m_te_sin portionsof circuits_Ich

willcram highmlt_ potmtlalsbet,,_mrote:md
faint _ if mt_r _ fail.

19. _ _1 roteshavlazmmma1_ _m _,st_.

20. _or ,mdmm ss_ty, taunt rotes in hi_ _1_
c.im_s l_ht_ a _lov a_glass or _ffickplastic.

21. _ __ _l_ m _ormt g_nts ,_tch
must 1_ _t_l r_r hish _ult_ or _hot
cmpon_ts, or _ dlff_c_It_o1ocat_.Screudr1_r
ha_dlma_o_ldalsobeclmr ofch_umtlam a_d

22. sp_if_ special _mls or adeqmte tre,_a_ton f=r tools
,rod rmr lzlSh mtt_s.

23._ntlJatlonhc_s _hou]_he stall_ _o IR_went
_mX_mt true'don o_ test probesor _.

24. l_d pim (_ pl_ a_l mc_t__lm a'nfid mt l_

_ aft_ mm_g.

25. Iml_ a safety _,d inall ¢ahl_ am_t_ that
into __ a_l_ts. Oa_n_t fi_ gmrdiag

pi, of a _ p_, ¢m_ m tt_ _ vim of a

25.g_p micr_a_ _ X-mdlatlc.to mf_ 1_1_ _! mm

27. _ ]a_ rotating _ with a locsl pu_c
mf_t_ switch.
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5._ SAFETY CHECKLIST _ONT.)

m. __ _oprotect _ fxo_m_r_g
Bctmical parts such as 8mwJ, faro, and belts.

29. Umnxr_e] ed_ (0.04 inch rain.)ad _xr_s
(0.5 inch _in.) m emlmu_.

30. PmUct _ _ oJtttnge_e_, hr_, and
pointedobjects. Pm_ d_u]d be awlS,

31. Um n_i hmdl_ mth_ thm tl_ _ _I_ _o
__, pm_ irdur_, _1_
_tchtrg m o_ units, virhlg, or _ttm_.

pm_t trOu_ _o ti_ q_a_0r d_n the kck is
m]B_efl. _A:cidmtal l_mse o£ lod_ dlxfld also lm

pin,mud as this cafld omm in_uzy_o_ or
eq_p_t _.

33. Protectpmm_ fzon tq_lodirg mthxle _" tul_.

34. Pce_t tOCrLC:fiBre, __ fluids ddch cruse
chmicaltun_, _ mixtures,or exp]mi_
8amsfzommeddrg pemmet, eumi_ ImPsam
dm_ or tzd_r_

35. _f_ _ t_o_ f_ u_ tn _ _
__ a_.

36. _luip_t in a _ a_ _ be i_x_:ly
(_ _g, h_ti_ _l,

_ki_l, _ _) _1 el_trle_ly bonded_o

37. Declgn so that the tmpemawe o_ my a-c]m_ part,
txc]uflirg _, does not emmd 60 C at an a_ient
tml_mtuve of 35 C PLaintgrP_ls and omtm]s
not _KI/_3 C.

3[]. Do not locate tinmm_y hot parts near ccmmnly
_d_l-m o0qxrmts.

39. A_kl h_e rata1 l_glm on tools or oontmls for
use tn _a_am hmt or cold.

Z_). _ of _ of _al_-vetaLX]mt, f:tre-resistmt,
or se_-_t_glguidd_ plastic. Tf mfi_ty dictates
sucha mquina_mt, trot theactml _pl.imtim.

41. _n m_r_ b__ktrg or h_g _ui_t u_g
md_ct_ mteda]_, l_'otect personnel
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_ SAFRTY CHRCKLIST _ONT.)

tO.. _ep _lible rnise as _as po_ble, but at le_
beh_ sa_e eqx_tl'e l_.ls.

43. Protect _ fxcm int_se light such as f_m

aL-ws.

Y_ 1
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5.13 STRUCTURES

SYSTEM:

CBEC

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

KLI ST

.

*

*

*

o

6.

.

So

,

l_.Ja_t _ of _ (_,s, bolts, quick
m3mse)dn_! be l'eid to a ,dni.m.

mf:r_rmt _a_! leEth of _ _ _l_pt
tDa .d_ A]/_te_s m an access doer (x"co,_er

d-o_ld l_s_ ti_e s_e di,_m_r a_d sr_ _. Ifmt
Ix_$11:_ to h_ the sm_ grip ]mgth, bolts _ be
a _t d:im_t_.

of one (mr _ thin t_) f_tens:-h_d dri_
elsr_t types. Iki_ e]em_t shx_ _ a _ti_
_mt with the tool _ f_: rmaa]/_stl.

All accesspanels should be of sufftc/ent size to a]/ow
mintaa_ an equip ddle _.rlng prot_ti_ do_.

_s.tltyoffastm_ .dni.dmdf_reach_e/.

Itirg_ doc_ us_! to provide quick acorns ard ]_i_t

tti_g_ a_x_m doom that hir_ up d_xfld be _
vlth supports to retalndo_s in theq_ posltlo..

I
I

I
I
I
I
I

I
I
I

I
I

I I

I
I

I
I
u

• _t doc_ Should_ ti_ _k arm so that re,_a_l
LR]'s do not strii_d_fi_m stnrt_ arlrg I

mi._. I

Staling mthxts _ould be us_l t_ pm_mt mtst_e
intnsim bet_m stnr_ & _ psi. Fom-ln-

gas_ts a_ aceeptahle, but not smlant tim must

10. _ fittings should be bolted on and not be an
integral _ of emtml _-fam _: any _ _urf_o_.

f"_tat_ _ replaommt.

11.Dralnholesd_ld bep_o_IdslIna_ arm _
nq_ _x_abe_ed.

12. Ri_sts si-oJ]d be trstal]ed with wet sm]mt.

13._=e_ o_s & doorsshoed be Int_ _et_m
v_hicles vittn_ m_difioation or fitting.

14. _ _ be emtfl_te.._y_ and r_21._-_le
tn _se of c_.

m

I
I
I
1

I
I
I

I
I

I

1
I

1 I
I I
I I

T
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_ STRUCTURgS CHECKLIST _ONT.)

15./.f o_stte mtertals are us_ f_ a_ess rme2s, tile
holm pmSd_ in the pmel f_ fast_ locattm
be _ with mm-lal other tim the e_postt_ to

the vmru_ a_! _tmt c_rostm csmst by the
fmtmer contact vith the Cmlx_te _.

16. _ _ f_r t_mtim, savidng and agLne
drop slxx_ use thab-latcha_ ht_at doo_ or hh-1_

doorswith fast artirg mpti_ f::astene_ vlth
1"_ drip.

17. Nh'dam fmtmm" dLmeter d'o.fld be 1/4".

18. _cess slxakl be lax_ded to all points, items, mits,
ad amxrmt _hich require s_vleirg. _aess dvald
be p_m-16_ vith the adniam use of pme_ & cv_.

19. 1_ fnr gam._ and cv_:s d'o.fld _ mtntml tn
nm_ vtth _ easiest ix_sihle mti_ of cpmatim.

20. stress par_ _zxtld mt _ used mlms ttame is m
altm_ati_ _.

21. Type, size, ahape ard lcxatioa of aomsses d_tld be
lmal m the _

+ hx_at_n, sett_ and mvtrammt of unit.

+ g_inter_m fxr_ti_ to be _.

+ amm-ce _ts.

+ Minimumuse of special t_nls/equiprmt.

+ OLstmm bards must _ e_rded into aemss.

+ VL_lbLtity_ts.

+ SLy, ¢_tght, _pe &_ z_amnts of
objects that mast _nt_ ac_s.

IWN I

I--I
I I
I, I
I--I
I I
I I
I I
I I
I--I

I I

I I

i--i
I I
I i
I--I

I--I

I I
I
I I

I--I
I
I I
I
I--!

I
I
I

I
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5.14 S U B A S S E M B L I E S C H E C K L I S T

SYSTEM:

SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

Xa _ em be m.o_ a-d n_acst vithmt
discm_ttrg or mmozlrg other equil_mt and
vithcut in_ a _ condition.

2. _ are ped_ _th the grimiest ix_tl.c_
de-_ity.

3. _ de_n cmmtiblevi_ pl_n,d
aaBr,_c c,pe_e,.

4. _ am tem_ _ u_tts _ _-_ Im_
ill: _ _ as pmctlcal.

5. _es are ses_d cnly if _se_ly requires
spe_ conditions.

6. "Idendcal_e_' ave Interd_

7. Like _es vith diff_mmt functions ale not

tn_.

8. _e _cs aze m_nm:l on, or _Snd _o
_es ......

9. Parts are minted Jn an _ier_, azz_ ard aze not
stacked.

10. All torts in a _ cmtrlbxe _o a s_a,
cmmm fu_ctia_

11. Critical itsm or lmmm_subject to I_ am not

,,_m]at, d.

12. Irregtflar hmm, m_gtfld_, etc., axerea:_ahle
baf_zehandlirg.

13. All csmectiors are f_d]safe, aM will tolerate
ju,p_ c_e,.

14. A sys_tmt mlor-oxte dtserlnflmtm similar
m:d_s.

15. ezks and _ htentif_ and out/._ functio_el
gm_s of itms.

16. Test and smrlce pmmts, tt,air values and limits,
are ]a_/_, d,aze pmc_cal.

17. Lift points are h-dicated; ckuzits are dvm on
netwo_.

18.S_, _ ch'o_s are usst far 93
rvutlvefurdms. "

Im_arm_l

' I
' I



5.15 SUPPORT EQUIPMENT CHECKLI ST

SYSTEM :
SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. _t[ksmtl_s md _es deglg,edf_ zam_g
m pm_ m m_d.

2. _xk smldms Inalu_stom_ f_ p_tahcwds,
t_, tXX)]S,mnlL1s, _ _ _,,_11s,!--_
il:_m.

3. _ statkm _nm_n rmcmmm_ comudcRtlas,
v_d_,andnea_.

4. _tp_t n_umtnts, m_dd_am_
_ needed.

5. Rmmalnts am cmlntlblevlUhaccess, aldde

rid/s,etc.

6. _e l_;lhle, _stm_ am pat of t_tc
mck/cm'gflm.

7. l_tz_ts, _, zemls, etc. am hfllt-tn

8. (X_ zestmtnt e_s, llod_, Iml_ys, etc. m_m

9. Cv_ restraints, belts, c_thirg, _ are
p_,nd_st_d _a_ m_d.

10. Su_p_ equipmu is b_t-_n or _ (in ttmt
_).

lmSm_ _d am emy to me, cm_, a_lstrum.

lmmrd of _dmtal emt_t.

I--I
I
I

--I
I
I
I

--I
I
I

--I
I
I

I
I

I I

I I
I I

I I

I I

I I

I I
I I

I I
I I

I
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5.16 TEST EQUIPMENT CHECKLIST

SYSTEM :

SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

2. _Etsd_iff_lmclshie]d_ f_r omstmt, _u_huse.

3. IE is salectet/pla_d f_ q_at_m, _a_d
mvimmmt.

4. _E is built-i, d_e use is hmvy, _ a'd

5. _isfail-eaf_; fatlu_tsnotd_gaxxBtDl_oP]e
or Qquig,mt.

6. _xn_, _, a_d £ums protect a_atnst us_

7. IE allows _ Umhledvoti, E tn f_ _md
_d_6t sty.

8. IE a11o_ aa_s _o _s/a._s of eechgJ,
module, etc.

9. Salec_" swttd_ are _ to ,_F sep_te
c_-ectcx:g.

10. Pv_scmt_c_hlyh__ld; tip_e_

11. ge_or ]_eds _ _t.ly att_h_, a_! _is:_t_
tn l_h.

12. _ at_pte_ are _ _ nmt_ f=
fl_ldliw.

13. St,ple chs_ _ _i_m _E ts out of cs].ibmtim or
in _-r_r .....

14. _ are dtz_t r_ltr_, _, _ tahl_
are on _1_

15. _E is plm_ to mtt_7 as m_ _.lated tses _
p_ib_.

16. Insm_im_ are p_mmt.ly i, scrtbed
_ f_mt.

I--I
! I
I I

I I

I I
I I

I I
I I
I--I
I I
I I
I--I
I I

I [I--
I I
I I
I--I
I I
I I

I I
I I
I--I
I I
I I
I--I
I I
I I
I--I
I I
I I
I--I
I I
I I
I--I
I I
I I
I--t
I I
I I
I--/
I I
I I
I--I
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_ TRST g0UIPHgNT CHRCKLIST

17. Insu'_rim lm_u_ is sd_e, in _sy vie_ md
e_y reed.

lB. _su',,:rkns _3uJe _Llib,:arim n_trmmts and

19. _eL.e is a label _ e_y i_ _ _s_ use.

20. labels _ r_e, purpose, li_ita_ns and
csud,_ fxr _.s_.

21. (hl,r _ relate omuuls/d!s_ and alto:hate
sales/uses.

22.Stm_e is_e forJaMs,pre_, spsres,dalm,
_, etc.

23.Stm_e Ix,l&em/fasts,_aze_, I,'q_,se
L-_cated.

24.,_e _ Isself_ ,rdbest,d_'mepe
_tSht fxr,se.

25.All_ Is&ed_l fxr_t straW,
ad mmlr.

XONT.)

l
I

I
I

I
l

I
I

I
i

I

l

l
I

lq_lqKS
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5.17 T R S T P 0 I N T S (_) C H E C K L I S T

SYSTEM:
SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. _ IP'susef_ltod_ detectmd d_ are

2. M_cr/In_te/mimz _P'sdlff_ in

3. _e nmbsr of dtffecent t_/stms of _P's is
minimized.

4. lP's are corsLsCmt wlth mctn_ concepts and

5. 11_s are _ fz¢ direct chKk at _put ard
outputofE's.

6. _P'ssre pmvld_ i, allcmmct_xs, jadessnd

7. _P's frr ecteunl test equtlmmt are on outer case
of units.

8. IP'sare f_llye_ exceptd-eredellbemte
ar_,_dmmt Is n_.

9. Special _'s are used ov_y frr depot mintmar_
furt/ms.

10. lP's _ze _uped c. U'_e._ s_m_ihle fm:e of arh
urdt.

11._s aregroupedvlu_ _ts of fontaltestlead

12.IP'sare arr_ it, a _trix _e_ectir_ test
sequare.

other 1tins.

14. Frequm_b,u_i_'s srem_ _ssihle; allam
visible.

15.Tmub]e cm be di_ v1_vut _ u,itsx
s/vmmb11_.

16._qmt_ _ is_ d_ut _s f_

17. _P'swillsup_ lxvbes, "_ch nmd mt 1_ held by
hard.

18. Pvot_, ]m_ requ_ on_ fract_, _ f_x
attachB_t. 97

I I
I I

I I
I I

t I
I I

I I
I I

I I
I I

I I
I I

I I
I I

I I

1
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I
i

I
I

I I
I I

I I
I I

I I
I I

I I
I I

I I
I 1

I I
I I

I I
I I

,



_ TEST POINTS OP) CHECKLIST _ONT.)

19._'s are _ vlth_ _ w_Itage,and

_. _"s arelabeledsequmtlal_ and tnlccc_kd to
aid in]xatlt_

21. _t _ _ _ lo_tim tn lov
_ti_.

22. zP att_t _d eorstn_ti_ _ _tt_erd

23. _ imulati_ and _ po_,_mt shrti_ _th
_bes.

24. _ sufff:Leimt _est lxCnts to _ f_t
isolati_ _ the _1_1_ unit le_.

I--I
I I
I I
I--I

r
I--I
I i
I--I
; J
I I

I I
I I
I--I
I I
I I
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5.18 TESTABILITY CHECKLIST

SYSTEM:
SUBASSEMBLY:

ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

1. mvldeom_FleK]_le ImctEons:intosmller

2. A_Iu_hots; true, rou_eb_sirs_nalsto
th__ eonnec_.

3. _p 1_Slc_pth o._ _._d _oa _ le_l by
u_s _b__d __ p_n_.

4. IIse(iw_ o_ec_._-lemvl_ i_11-_ _ _o
emb]_ ec(mml ovm-lde (xnm_l.

5. _t tm_ to _ ti_ 1_1_, of selmt_l
gt_x_s of eight hits or ;F_wu-.

6. Bceak paths dhm a 1_8tc e]m_t fa_ out to sm_al

7. Brlngout _estpaintsas rmr _od/a_as
Ims_hle.

8. Pr_rldea rams ofdimhli_ on-boredclod_s_ U_at
b'-e_sterc.l_ckm_ bes,/st/tL,'_;,_.

9. Provide .nnt_! s_rlt_ _11E n_,_ks with

o,,_rid_ ltms to tt-e e_ cn'r_tor.

euTectur so that tl_ _ter cm cheek for _rrect

n. s_zam _ cim_s f_m d_glmll_ic, _t
for _t,,_gch._ts.

12._ t_-hat _reel_r gim or mount_tm ]E sod_ts

t_c/emtml ix_ts.

13.Uses:x_s wi_ o:mpl,_11_- CRIs,U_ ar_1_

14. _r_ f_k ltr_ a_l oth_ cmpl_ circuit lir_
to m ]E soc_t vlth a juq_ lflug so tl_t th_
be tnt_pted at _st.

15. u_ Ju_ that _ I_ cut a,d_ _girg.

a:111_tOr.

16.a1.1ov_ cap_'d._I_ or,tnput/outp,t_ and
IX)_ts.

17. Al.lovf_r e_'(su_ _i._-l_,,ttm of _mal
(:butUT. 99
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I I
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1 I
I I

I
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I

I I
I I
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_ TESTABILITY CHECKLIST _ONT.)

_.St_hnti_g_r_ _gn_ndgim_a_td

37. mvtde lm:ge PCbau'ds tnt_ sut:mccicm
possible.

38. _ _0unt _s andele_ly idmt_ d_n to
ml_ it _tm: to lcx_ate ti-m.

I
I

I
I

I
I

39. Provide qK-_-l_,_t _ atxpJnd]1_sockets and
diz_t_ _s so that ]C clips cm be attached

40. l_x looatiom of po_ md gmrd linm f_r
unifn_ty _g se_e_ bmzd t_es.

41. V_e the _ tmoe m _ la_e e-o_ _o

_. _oup t_et_er stS_ _es o_ psrdo_r
f_tltadty.

43. Clesrly label all psrts, pins and_nr_t_s.

_. Test _ _es.

45. _ovide tm_nity fzun tn_d_ts _1 tqrop_
_lt_e _a.imtion sequm_.

e_,_! the tmt li_e _ mst _ispt_ cmmet_s.

47. ]_tlt-trPl_st _ should be _ £z_ both f_tt].t
detection _ isolatic_

48. l_lt ir, itoat_s, bouhvisusl _1 miihle, are
desimhle and mst th_s be eesi_ tested.

49. _ test p_ts _d _est _meet_ to _lo_
_tal _ _ p_ both_ gm_d ard
eechotine_-,rlth:ut ek-x_t derek.

_0. Design f_ _:dd _d positive adjus_m_t ar_
celil_atic_ ._]us_mts shxfld beao:e_ble
e_y _tt_d.

St. l_lde _s _ _ntempt_g _ lo_.

_. Desi_ to aw_ _mtr_ f_ilt_s.

53. Dest_ _rr eimfltzy to all_ f_.ls_ q_atim in
eme of HrI' f:ai.h_.

54. Built-in mnito_ de_c_/lm_ _ be
_ovab_ _ c_l_dm andml_Lr.

I I
I I
I i

I I
I
I I
I I

I

I

I
I

I
I

I
I

I
I

I
I
I

I
t
I

I

I
I
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I
I
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I
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" 5.19 WIRING CHECKLIST

SYSTEM :

SUBASSEMBLY:
ENGINEER:

ORGANIZATION/DESIGN BUILD TEAM:

le

e

e

e

o

o

]_u_ameg.

l,rJ.tJlJn _ m h_l_ by

r_l_ _'d _ am _ _ t;ype, size,
and_.

_d_ is pmte_tEI in _, stuff:I_ tubw,
candL_t,etc.

girJngIs _ byqulck-relm_nuxxrducti_e

clffi_/p_ates.

7. _L-g :is _ at both aids of lm_ a_d _k
Ig_eSS,

8. _m rmt_g _n' t hkck accessar i,_ vlth
aflnbmmce.

e

10.

:is pmt_ctK! ftrm edge, fhflds, a-d l_mt.

wr_g _ _tad _ _g _d _r and_n_d
amid being _t_d, _, rm-o_r, u_d f_
hs_ln]ds, etc.

11. VL--lrg I_m_ no lind a_l vD1 _t hef_

12. vh-h_ to revving ports p_mits _-7 m_mt vlth_ut

_e

virlng _ _t cm_mie_t testing or
of unit_.

Vlrlrg re_! not be I_nt cr unl_t sharl_ _hm
re_rrect_l. ._

16. _ ]__l.trg ard ccxttrg_ _t _
the sV,_m.

17. Cahl_ and emrset_s-_l/1 pass _ ml]s,
_, a_d rtrs.

18.l_d_d ex_ion _ (s_ s_o_ a_dhmks)
a'e_.

101
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_ WIRING CHECKLIST _0NT.)

19.s_sre_Imas, oa_mtorpdns,_d vlms _

Z). u_b f_m out to p_x_lcle,_d_u_ _d _ lzL,_t
_tsmTl_tim.

21.LindIs_hs p_tt easy_t_ and_rr_t_
n_h_mts.

22._estg_ntsarep_wldedif_ _ _

23. _ _ not _ totals, _ bt_k _h
rqx_t_l u_.

othB:_.

25. SUsh-_pe te_L,_ _ umd -_m ix_dl_.

26.Gmurd o_metlcm _afld Int_mm vithm

27.om_._ desi__ ell.dm_

_-_init__

29. mzk mmmlsslm llm mmimls vith dm

_,._,_Istlc i_etmm of tim lira.

r_zo_r
IY_ I

I I

I I
I I

I I
I I

I I

I
I
I

I
I

102





-- _r

v,,=l: ,-1_3 _,l_,ror_j1< $ _¢_

1, Reporl No.

Report Documentation Page

2. Government Accession No.

4. Title and Subtitle

Shuttle Ground Operations EfficiencieslTechnologies Study - Phase 2

Volume 3 (Part 1) of 6, Space-Vehicle Operational Cost Drivers
Handbook (SOCH)

3. Reciplent's Catalog No.

May 1988

5. Report Date

6. Performing Organization Code

7. Author(s) 8,

A/Scholz, A.L.; B/ Hart, M.T.

9. Performing Organization Name and Address

Boeing Aerospace Operations
Cocoa Beach, FL

Ped'orming Organization Report No.

12. Sponsoring Agency Name and Address

Department of the Air Force - HQ Space Division (AFSC)
Los Angeles AFB, P.O. Box 92960
Los Angeles, CA 90009-2960
Administered by NASA John F. Kennedy Space Center, FL

None

10, Work Unit No.

N/A

11. Contract or Grant No.

NASI0-]]344

13. Type of Report and Period Covered

Final 6/87-5/88

14. Sponsoring Agency Code

15. Supplementaw Notes

This document is phase 2 of a 3-phase study.
NASA CR-180581 thru 180585.

Phase I has been published as

16, Abstract

This volume presents, in checklist format, the lessons lenrned from STS and other programs. The
checklist items were compiled so the information would be easily usable for a number of different
analytical objectives, and then grouped by disciplines or gross organizational, and/or functional
responsibilities. Content of the checklists range from 27 management; 11 system engineering; 8
technology; and 19 design topics -- with a total of 793 individual checklist items. Use of this
Handbook to identify and reduce Cost Drivers is recommended for designers, Project and Program
managers, HQ Staff, and Congressional Staffs.

(NASA-C_-186907-Vol-]-Pt-]) SHIITTLE GROUHD Nql-7Ol15

OPERATIONS EFFICIFNCIES/TECHNOLOGIES STUDY,

PHASE 2, VOLUME 13, PART I: SPACE-VEHICLE
OPERATIONAL COST DRIVERS HANU O_,K (SOCH) Unclas

Final Report, Jun. 1987 - May 1988 (_oein_ 00/16 0302450

17. Key Words (Suggested by Author(s})

Cost benefit analysis

ground operations

management analysis

Space Transportation System

technolocjE assessment
19. Security Classif. (of this repot)

Unclassified

NASA FORM 1626 OCT B6

20. Security Classif. (of this page)

Unclassified

1B Distribution Statement

Unclassified - Unlimited

21. No, of pages I102

22. Price


